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INTRODUCTION. 
Through the  kindness of Dr.  Osier,  to whom my thanks are 
due for interesting me in this subject, I  have had the opportunity 
of making a prolonged series of observations on a typical instance 
of Stokes-Adams disease, and have been granted the privilege of 
using the hospital records of this case. 
A  preliminary report of the results of these observations was 
made  at  a  meeting of  the  American  Physiological  Society  on 
Dee. 28,  19o4, and an abstract of the report was published in the 
Proceedings of the  Society.  1  The studies led to the conclusion 
that  the  circulatory  disturbances  presented  by this  case  owed 
their origin to the condition which is now generally termed heart- 
block.  But it was found that many of the phenomena observed 
could not be explained upon the basis of recorded experimental 
data on heart-block.  It was therefore decided to undertake an 
investigation of heart-block in mammals.  A preliminary report 
of  the  results  of  this  investigation  has  been  published in  the 
Zentralblatt  f~r Physiolog@ ? 
Upon  comparing the results  obtained  from these  studies  of 
heart-block in man and in the dog with the results obtained in 
studies  of typical  instances  of  Stokes-Adams  disease  by  other 
investigators, an obvious relation was found to exist between the 
two conditions.  This relation was pointed out at a meeting Of the 
Johns Hopkins Medical Society held on March 2o,  x9o 5, when a 
full report of the essential facts of this investigation was made) 
It is therefore obvious that these studies may be conveniently 
divided into three parts, namely: 
I.  Observations on an instance of heart-block in man. 
II.  On the physiology of heart-block in the dog. 
III.  On the relation of heart-block to Stokes-Adams disease. 
1 Erlanger,  American Jour.  of Phys.,  x9o5, xiii,  xxvi. 
* Erlanger, Zent. fi,  r Phys.,  x9o5, xix, 9. 
s See abstract  in Bull.  of the Johns Hopkins Hosp.,  x9o5,  xvi,  2o~. Joseph Erlanger  679 
PART  I. 
OBSERVATIONS  ON  AN  INSTANCE  OF  HEART-BLOCK 
IN  MAN. 
HISTORY  OF  A  CASE  OP  STOKES-ADAMS  DISEASE. 
The following is a  brief abstract of the hospital records of the 
case  of  Stokes-Adams  disease,  the  study  of  which  forms  the 
basis of the first part of this communication. 
C. B., colored, aged thirty-four years, was admitted into the Medical Depart- 
ment  of  the  Johns  Hopkins  Hospital  on  November  I7,  x9o4,  complaining  of 
vertigo, soreness in the chest, and shortness of breath on exertion.  In his per- 
sonal history there is nothing of importance excepting a clear history of syphilitic 
infection in  :897.  At this time he had  "rheumatism"  and an extensive skin 
eruption.  In  i9oi  he was  treated in the out-patient department  for  a  costal 
gumma.  The treatment was continued for but a  short while.  There is also a 
clear history of gonorrhceal infection. 
The  present  illness began  about two  months  before  admission when,  while 
unloading a  lumber wagon,  the patient was seized with an attack of dizziness. 
In this attack he did not fall.  Excepting very slight attacks of dizziness which 
were  brought  on  by  a  sudden  turn,  the  patient  had no  severe  attacks  until 
November  ii, when, upon suddenly turning, he was seized with an  "attack  of 
swimming in  the head  in which it seemed  as  though his breathing stopped." 
On  November  r2  he  felt  very  dizzy  but  went  to  work.  On  this  day  while 
eating his dinner he fell from his chair unconscious and received a  severe wound 
on the head.  He  believes that he was  unconscious for two or three minutes. 
He had several similar attacks on that day, but has had none since. 
When admitted into the hospital the patient stated  that he felt dizzy,  was 
short of breath, and had a  peculiar dragging sensation in the chest. 
The note dictated by Dr. Thayer at this  time states  in  part:  The patient is 
a  healthy-looking man  with mucous  membranes of good  color.  The  pulse  at 
the wrist is eight to the quarter of a minute, but at the apex thirty-one beats to 
the quarter are heard.  The radials are thickened and palpable. 
There  is well-marked  heaving of  the  precordial  area.  The  impulse  seen  in 
the sixth interspace is rather diffuse, and on palpation the heart is felt, though 
it  is  difficult  to  localize  the  outermost  point.  There  is  a  very  well-marked 
retraction  in  the  sixth  interspace  in the mammillary line.  At the outermost 
point, where the stronger beats are clearly seen and where the feebler ones are 
barely palpable,  the sounds  are  clear;  one strong beat  is followed usually by 
two extremely feeble impulses the sounds of which are just heard.  The inter- 
mediate sounds are associated with feeble but clear second sounds. 
The liver reaches  ~o cm. below the ensiform process.  The veins of the neck 
are very full, especially on the right side.  Waves are seen in these, the rapidity 
of which it is difficult to make out. 
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December  22.  It  came  on while  the  patient was walking.  He  fell without 
warning.  There was no definite loss of consciousness, nor were there convul- 
sions.  A note made on January 23 states that "up to date the patient has had 
but five definite syncopal attacks in which he has lost consciousness or fallen, 
Mthough he very often has spells of dizziness.  During the attacks the pulse- 
rate is diminished and the veins are very much distended."  On March  so the 
patient had many attacks, but at this time it was noted that a  steady increase 
in  the  heart-rate  was  in  progress.  On  March  2  9  the  heart  was  apparently 
normal;  its  rate  was  seventy-two per  minute.  The  patient  has  been  under 
continuous observation up to date (June 2) ;  and since the last note was made 
the condition of the heart has been normal, and the patient has had no syneopal 
attacks. 
THE  METHODS  EMPLOYED  IN  OBTAINING  THE  TRACINGS. 
The tracings of the cardiac impulse were made with Marcy's 
cardiograph.  The apex beat of the patient was not well defined, 
and we,  therefore,  could not be certain that  the button  of  the 
receiving tambour always occupied the same position.  Further- 
more, the precordial pulsation was so diffuse that the supports of 
the cardiogram could not be rested upon parts of the chest wall 
that were not moved by the beats of the heart.  Therefore the 
position occupied by the supports of the tambour, as well as by 
the button of the tambour, must have had an influence upon the 
form of the cardiogram.  Consequently the cardiograms obtained 
are by no means typical, but, so far as concerns the phenomena 
investigated, they have answered every requirement. 
The tracings of the venous pulsations were obtained from the 
external jugular vein at a position about 4 cm: above the clavicle. 
The method of air transmission was used.  The pulsations were 
received by a tambour 7 cm. in diameter upon the head of which 
was stretched very delicate rubber dam.  The tambour was held 
in place by a rod which extended from a universal joint strapped 
to the head of the patient.  The pelotte of the tambour made 
very light contact with the vein.  We were particularly fortunate 
in  finding it  possible to  take  the  pulsations from the  external 
jugular vein, for this vein lies wall without the region affected by 
pulsations transmitted from the carotid artery. 
As some stress will be laid upon the form of the jugular pulse, 
it should be stated here that the apparatus employed was practi- 
cally  devoid of fling.  When subjected, by  artificial  means, to Joseph Erlanger  681 
rates of movement similar to those developed while making the 
tracings, the lever recorded practically no inertia waves. 
The pulsations in the brachial artery were recorded with the 
sphygrnomanometer devised by the  author.  4  As a  preliminary 
to the registration of the pulse, the pressure was determined at 
which pulsations of the greatest amplitude were obtained:  the 
tracings were  made with this  pressure  on the  arm.  Delicate 
tracings may be obtained in this way with the greatest of facility 
but,  on account of the great  distance through which the lever 
was  moved by the  anacrotic rise  of pressure,  this  part  of the 
tracings is somewhat deformed by fling.  The points of all of the 
levers were arranged to write upon the drum directly above one 
another.  But nevertheless in analyzing the records similar posi- 
tions of the various  tracings were  marked by the levers in  the 
usual  way.  It  is  of course necessary to make a  correction for 
the time lost in  the  transmission of the pulse-waves.  For  this 
purpose the rate of transmission of the pulse-wave in the brachio- 
radial  artery  was  determined.  It was found to be  7.6 m.  per 
second.  With this as a basis it has been estimated that the time 
lost in transmission of the pulse-waves to the point in the brachial 
artery from which the  tracings were obtained was about three 
hundredths of a  second, or  somewhat less than one fourth of a 
division of the time record.  The distance from the heart to the 
place on the external jugular vein.from which the venous tracings 
were obtained was roughly one half of that distance in the case of 
the arteries.  As the rate of transmission of waves in the veins is 
probably about one half of that in the arteries s the corrections 
to be made are approximately the game for both tracings. 
For the sake of clearness the original tracings of Fig.  i  have 
been  transcribed on to  co-ordinate  paper  with  a  pantograph. 
(Pig.  3)-  This copy will serve to illustrate in a general way the 
relations which the various features of the tracings bear to one 
another.  It must however be borne in mind that the reproduction 
made with the  pantograph is  not  as  accurate as  the  original. 
Therefore  the  former  cannot  be  used  for  interpreting  time 
* Erlanger, Johns Hopkins Hosp. Reports, x9o4, xii,  53. 
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relations when the values involved are at all minute.  The man- 
ner  in  which the  reconstructions included in this  figure  were 
made will be described later. 
In Figs. i and 2 the tracings are from above downward : cardio- 
gram, arterial  sphygmogram, and  venous  sphygmogram.  The 
tracing of the jugular pulse in Fig. 2 is of no value.  While it was 
being made, the lever was pressing so firmly against the drum that 
the finer details were completely obscured and the time relations 
disturbed.  The  record is  reproduced here because the  cardio- 
gram and sphygmogram show certain features better than any 
other tracings we have made.  Figs.  i  and 2 are practically con- 
tinuous  tracings;  a  brief  delay was  interposed between them 
only for the purpose of re-adjusting the receiving and recording 
instruments.  On the time record one division equals one fifth 
of a  second. 
ANALYSIS OF  TRACINGS  OBTAINED DURING COMPLETE  HEART- 
BLOCK. 
The  Proo~ that  Complete  Heart-block  Existed.--In  analyzing 
tracings in which the waves are so  numerous and varied as in 
these, it is well to begin with a  phase of the  cycle which offers 
the least  difficulty in interpretation.  We therefore choose as a 
starting-point the large waves on the arterial sphygmogram (Figs. 
i, 2, and 3)  The foot (a) of such a wave corresponds, when the 
correction is made for the time lost in transmission,  6 with a  point 
about half-way up the wave (a-f) on the cardiogram.  Therefore 
the ascending limb  (a-b)  of this wave marks the beginning of a 
ventricular systole.  The descending line (e-f) on the cardiogram 
undoubtedly represents the  relaxation  of  the  ventricles.  The 
portion of the tracing which is included between these two lines 
and which, in perfect cardiograms, is the plateau stage of ven- 
tricular contraction, is rather irregular.  In  Fig.  2  two  definite 
positive waves are to be seen on it. 
On  the  tracing  obtained  from  the  jugular  vein,  this  phase 
of the cardiac  cycle is, as a  rule, occupied  by two large  waves. 
The foot (a) of the ascending limb of the first wave corresponds, 
6 Without further notice  this correction will be made wherever necessary. Joseph Erlanger  683 
with the  exceptions to be  mentioned later,  with the beginning 
of ventricular  systole.  The  foot  of the  ascending limb  of the 
second wave  (c)  corresponds with the beginning of the  second 
elevation in the cardiogram.  The descending limb of the second 
wave reaches its  lowest level (f)  somewhat later than the line in 
the  cardiogram  which  presumably  marks  the  termination of 
ventricular relaxation.  The foot (f) of the descending limb of the 
second large venous wave marks the lowest level in each cycle. 
To  complete  the  description  of  this  phase  of  the  cycle  it 
becomes necessary to return  to a  consideration of the sphygmo- 
gram.  But here we are met with some difficulty in interpretation 
because  corresponding portions  of  the  curve  are  deformed by 
fling.  In  Fig.  4  is  reproduced another tracing of  the brachial 
pulse obtained with the sphygmomanometer modified so as to do 
away with at least most of the fling.  This was accomplished by 
replacing the compound lever of the instrument with a  simple, 
light, aluminum lever. 
The tracing obtained in this way shows that the primary wave 
is followed after a short pause by another wave, the apex of which 
is perhaps not quite  as  high  as  that  of the first wave.  It is 
possible that this wave corresponds in time with the wave  (c-e) 
indistinctly seen in Figs.  I  and 2. 
Two interpretations may be made of the parts of the tracings 
which have been described. 
I.  They represent the events of but a single ventricular systole. 
Then the secondary wave on the sphygmogram becomes a dicrotic 
wave, and the second wave on the jugular tracing becomes the 
so-called diastolic wave. 7  But upon this assumption there is no 
very satisfactory way of accounting for the second wave on the 
cardiogram.  However,  in view  of  the  fact  that  the  normal 
cardiogram  is  notoriously  variable,  this  difficulty  does  not 
seriously weaken the conception that we have to do here with but 
a  single ventricular systole. 
2.  The main ventricular systole is followed by an extra-systole. 
Upon  such an  assumption  the  secondary wave  represents  the 
effect  produced  by  this  extra-systole  on  the  pressure  in  the 
7 Gerhardt, Schmiedeberg's Archiv, x894  ,  xxxiv, 402. 684  The  Physiology  of Heart-Blodc  in  Mammals 
peripheral  arteries,  the  first  and  second waves  on  the  jugular 
tracing become systolic regurgitant waves,  and the two  eleva- 
tions  on the  cardiogram represent the periods of rising tension 
of the two ventricular systoles. 
We cannot determine positively which of these is the proper 
interpretation.  The  fact  that  as  long  as  the  heart-block was 
complete the  same form of cardiogram was always obtained, is 
perhaps the most  convincing  evidence which can be  offered in 
favor of the view that the portion of the curves described repre- 
sents the events of a  single ventricular systole.  This interpre- 
tation  is  further  supported  by the  fact  that  no  heart-sounds 
corresponding with an extra-systole could be heard.  Fortunately 
whatever the proper interpretation may be,  it  does not  in any 
way modify the significant features of these tracings, to  a  con- 
sideration of which we shall now pass. 
In Fig.  i  it will be seen that,  following the depression which 
corresponds  with  ventricular relaxation,  the  cardiogram  rises 
slowly and evenly  (g-h-k)  to  the  summit  of  a  plateau.  The 
principal markings on this plateau consist of more or less regular 
negative waves  (k-l), two or three in number.  The two limbs 
of the negative waves are capped by small positive waves  (k-l). 
In addition, each plateau which is included between the negative 
waves shows slight undulations.  The most constant and promi- 
nent of these (n) begins shortly after the termination of the small 
positive wave which caps the  ascending limb  of each negative 
wave.  The corresponding portions of the cardiogram of Fig. 
differ in some respects from those of Fig.  x.  The terminations of 
the short plateaux are marked by much more distinct positive 
waves,  the  descending  limbs  of  which  pass  directly  into  the 
negative waves. 
On  the  sphygmogram, particularly that  of  Fig.  ~, it  is seen 
that a small positive wave is recorded synchronously  with each of 
the positive waves which terminates the shorter plateaux on the 
cardiogram,  and  furthermore, that  each positive  wave  on  the 
sphygmogram is  followed by  a  negative wave which is  appar- 
ently  synchronous with a  corresponding negative wave on the 
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The tracing obtained from the jugular vein,  as a  rule,  shows 
two  waves  for  each  of  the  shorter  cycles  on  the  cardiogram. 
The  smaller  of these  waves  (n)  is  synchronous with  the  most 
distinct undulation (n)  on the plateaux:  the larger wave  (k)  is 
synchronous with the positive wave  (k)  which terminates each 
plateau;  and the deeper negative wave corresponds more or less 
exactly  with  the  negative  waves  which  separate  the  plateaux 
on the cardiogram. 
I  believe that each of the shorter cycles in the portions of the 
tracings under consideration represents an auricular systole and 
diastole.  The  systole occurs at  the termination of the  shorter 
plateaux and produces the positive wave at this place. 
The Reconstructed Cardiogram.--It can be shown that the short 
cycles on the cardiogram, which we have assumed to be auricular 
cycles, are not limited to the periods included between the ven- 
tricular  systoles,  but  that  they  continue  uninterruptedly,  and 
with perfect rhythm during ventricular contractions. 
If it be assumed that the auricles are beating with a  rhythm 
of their own, then a  reconstruction of the cardiogram produced 
by auricular beats only would give the third line in Fig. 3.  This 
curve was made by transferring to it those auricular cycles which 
were  not  obviously  affected  by  ventricular  contractions,  for 
example  k-k,  and  by  fitting  auricular  cycles  into  the  places 
deformed by ventricular contractions.  This was done upon the 
assumption that the rl~ythm of the  auricular beats remains the 
same  as  the  rhythm which they  have  immediately before  and 
after the corresponding ventricular systole. 
Comparison  of  this  reconstructed  curve  of  auricular  beats 
with the cardiogram obtained from the patient brings out the fol- 
lowing significant  facts:  The  contraction and relaxation of the 
ventricle  in  the  first  ventricular  cycle  (A,  a-f)  took  place  in 
the  plateau stage of an auricular cycle--that is to say, they oc- 
curred at  a  time when  the  auricle  produces no  sharp waves on 
the cardiogram.  We may therefore assume that the ventricular 
waves were but little affected by conditions arising in the auri- 
cles.  The depression (g) in the line which follows the ventricular 
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symmetrical  parts  of  the  tracing.  The  same--indeed,  more 
decided--depressions are seen in corresponding positions in ven- 
tricular cycles B, D, and G.  All of these depressions correspond 
in point of time with depressions (auricular systoles and diastoles) 
on the reconstructed auricular cardiogram. 
In  the  second  ventricular  cycle  (B)  notice should be taken 
of  the  fact  that  the  ventricular  contraction  occurred exactly 
synchronously with an auricular systole and diastole, i.e., with 
a  depression on the auricular cardiogram.  The result is that the 
height of this ventricular wave is less than that of the preceding 
cycle.  Its  height is practically an algebraic summation of the 
positive wave produced by ventricular contraction, of which that 
recorded in the  first ventricular cycle may be taken as a  type, 
and of the negative wave produced by auricular activity.  This 
state  of  affairs  recurred  in  the  seventh  ventricular  cycle  (G); 
the effect upon the cardiogram was exactly the same. 
In the third ventricular cycle (C) the positive wave (o) at the 
beginning  of  the  ventricular  plateau  corresponds  with  an au- 
ricular systole in the reconstructed auricular cardiogram.  The 
deep notch that follows this positive wave corresponds with an 
auricular depression.  This combination of events was repeated 
in the eighth ventricular cycle (H). 
The portion of the fourth ventricular cycle (D) corresponding 
with ventricular systole occupies a  position immediately above 
an  auricular plateau.  Therefore this portion of the tracing 
escaped  all  deformation  produced by  the  aetivities  of  the auricles. 
It  should  however be noted that the wave produced by ven- 
tricular  contraction is  higher than similar  waves in other cycles. 
Perhaps the ascending limb of this  wave was carried  along to 
some extent by the ascending line (auricular  diastole)  on the re- 
constructed cardiogram.  The two were exactly synchronous. 
In order to bring out more clearly  the effect  of auricular  beats 
on the form of the cardiogram, a curve of ventricular beats 
unaffected  by  auricular beats has been designed and placed 
exactly above similar  points of the cardiogram obtained from 
the  patient (line  i).  It is not difficult  to see  that in  almost every 
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the reconstructed auricular cardiogram to these assumed typical 
ventricular waves. 
The  Reconstructed yugular  Sphygmogram.--Facts  having  the 
same significance as those mentioned above are developed when 
a  reconstructed curve  of the jugular pulse  (line 5)  is compared 
with the curve  (line 4)  obtained from the patient.  The recon- 
structed curve was made by transferring to it those portions of 
the original which were not obviously disturbed by ventricular 
contractions and by filling in the spaces left vacant, with waves 
similar to the above and timed with respect to the reconstructed 
auricular  cardiogram.  For  the  sake  of  clearness the  pressure 
changes  that  occur  during ventricular  cycles  have  not  been 
reproduced. 
Examination of the portions of the record that correspond with 
the systole of the first ventricular cycle (A) shows that the first 
wave on the original was recorded synchronously with the first 
wave in the corresponding auricular cycle ;  that the second wave 
on the  original corresponds with the  second wave in the  same 
auricular  cycle  in  the  reconstruction;  and  that  the  troughs 
between  the  waves  have  identical  positions  on  both  curves. 
A similar state of affairs recurred in cycles E  and F. 
In the part  of the jugular pulse tracing which was obtained 
during ventricular systole of the  second ventricular cycle  (B), 
the first wave is immediately over an interauricular trough in the 
reconstruction.  The  former  is  considerably  lower  than  the 
similar wave in  the  preceding cycle.  On the  descending limb 
of the second there is to be seen a break that was not found in the 
first cycle.  This break in the descent of the wave was obviously 
caused by the wave immediately beneath it in the reconstructed 
curve.  The  same  associations with  similar  effects are  seen in 
cycle G. 
Other instances of similar associations might be pointed out, 
but they become perfectly obvious when a comparison is made 
between the original and reconstructed venous tracings, and the 
assumed typical form of the  venous waves that  obtain  during 
ventricular systole.  The latter are represented in  line  6  of the 
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form is obtained when the typified waves are added algebraically 
to synchronous waves in the reconstructed jugular record. 
Discussion.--It  is therefore obvious that the apex beat, jugu- 
lar  pulse, and brachial pulse of this patient show two  perfectly 
regular rhythms.  In  the  one  rhythm,  which  is  undoubtedly 
ventricular, the waves recur approximately every 2. ~2  sec. ;  in 
the other rhythm, which we have assumed to be auricular, the 
waves  recur  approximately every 0.6  see.  Furthermore  it  is 
obvious that these two rhythms are perfectly independent of one 
another.  It is safe to affirm that the only known condition which 
can reproduce this state of affairs is that which is usually termed 
complete heart-block:  it  is  the  condition in which the impulse 
causing  the  auricles  to  contract does not reach the  ventricles. 
These two regions of the heart  therefore beat  rhythmically and 
independently of one another,  s 
In subsequent parts  of this paper abundant evidence will be 
developed which  proves  absolutely that  the  interpretation  of 
these tracings is correct and that the disturbance in the rhythm 
of the heart is the result of a diminution of the conductivity at the 
auriculo-ventricular junction. 
These  tracings  show  some  other  features  which  are  of  no 
importance so far as concerns heart-block but which may be of 
sufficient interest to the physiologist to warrant a  reference to 
them here. 
The Auricular Souuds.--As  has been observed in many other 
cases of heart-block in man, so here, the auricular beats produce 
audible  but very feeble sounds.  It was stated in the history of 
this patient that two sounds are associated with each auricular 
contraction.  It  seems probable that the  first  auricular sound, 
like part of the first sound produced by the ventricular contrac- 
tion, is of muscular origin.  This is of interest in view of the fact 
that  evidence has  been  accumulating which seems to  indicate 
that the first sound of the normally beating heart begins before 
ventrieular  contraction  begins.  9  This  observation  has  indeed 
been  explained  upon  the  assumption  that  the  auricular  con- 
8 References to the literature of this subject will be found in Part  III. 
9 See Tigerstedt, Ergeb. der Phys.,  i9o2,  i,  pt.  ii,  253. Joseph  Erlanger  68fl 
traction plays a  part in the production of the first heart sound. 
The findings in cases of heart-block certainly lend considerable 
support to tMs view.  The second auricular sound of our patient 
is described by Dr.  Thayer as being valvular in quality.  In all 
probability it is produced either by the closure of, or by tension 
on, the auriculo-ventricular valves when, after having filled the 
ventricles,  the  auricles  relax.  These  facts  may  be  of some 
significance in  connection with reduplications of the first  heart 
sound. 
The Origin o] the Smaller Waves on the Arterial Sphygmogram.-- 
In all of the brachial sphygmograms, but  particularly in that of 
Fig. 2, small but distinct waves are scattered along the katacrotic 
limbs at more or less regular intervals.  When the sphygmogram 
is compared with the cardiogram it is seen that these waves are 
synchronous with auricular systoles.  1°  Similar waves have been 
seen by other investigators and have given rise to considerable 
confusion.  They are  undoubtedly of auricular origin,  but  the 
question  arises:  Are  they  transmitted through the arteries  or 
the veins ?  The fact that they are produced by auricular beats 
would at first sight seem to favor the latter view.  But positive 
evidence has been obtained that these waves are actually trans- 
mitted  through  the  arteries.  This  evidence  follows:  On  the 
rapidly revolving drum of the sphygmomanometer a  continuous 
tracing was made of the pulsations transmitted to the instrument 
while  the  pressure  which it  exerted upon the  arm was  falling 
slowly, but constantly, from a  point above the systolic pressure 
(15o ram. Hg.), to a  point below the diastolic pressure (60 ram. 
Hg.).  This tracing, which is reproduced in Fig. 5, shows that the 
amplitude of the small waves increases as the pressure on the arm 
approaches  the  diastolic  arterial  pressure  (7 °  ram.  Hg.),  but 
that before the diastolic pressure is  passed  the amplitude of the 
small  waves diminishes.  According to  Howell and  Brush,  the 
pressure  on  the  arm  at which a pulse-wave is reproduced with 
greatest amplitude  is equal to the pressure  at the trough  of that 
wave.  Therefore  the pressure  at the trough  of the small waves 
10 Webster, Glasgow  Hosp. Reports, 19oo , iii, 413.  MacKenzie,  "Studies of the 
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exceeds the  minimum arterial  pressure  by a  small amount:  it 
exceeds  7  °  mm.  Hg.  As  this  pressure  is  undoubtedly  far  in 
exeess of that which obtains in the veins, the conclusion is obvious 
that the small waves seen on the sphygmogram are transmitted 
from the heart through the arteries. 
Although this  wave is undoubtedly produced by the contrac- 
tion of the auricles,  it is not necessary to assume that the con- 
traction of the auricles  actually projects blood into the arteries. 
Indeed, it is not likely  that even under pathological conditions 
the auricles  could contract with sufficient  force  to open the semi- 
lunar valves.  Nor do we believe  that the increase in the intra- 
ventrieular pressure caused by the beats of the auricles  would be 
sufficient to diminish the tension  of the semilunar  valves by 
enough  to transmit a wave  into the peripheral arteries.  For 
when the  auricles contract they  send a wave into the relaxed 
ventricle.  The ventricle,  therefore,  acts like a capacious reser- 
voir and takes up all of the blood sent into it without allowing 
of any material rise of the intraventricular pressure.  Another 
explanation, which has been suggested by F. Franek,  n is  that  the 
contraction of the auricles  transmits a shock to the root of the 
aorta by direct contact.  In a case of the kind under considera- 
tion, in which the auricles have probably dilated  and hypertro- 
phied, such an explanation of the origin of the small waves seen 
in the arteries  is not without plausibility. 
Analysis o~ Tracings o~ the  yugular Pulse.--The tracings of the 
jugular pulse are of particular interest because the absence of 
ventricular beats in comparatively long sections of the tracing 
permits of a dissociation  of those waves in the veins which are of 
auricular and of ventrieular origin. 
In most places two waves are recorded in each auricular cycle. 
The higher wave (k) corresponds in time with the auricular con- 
traction, and the  deep  negative which  follows it is probably 
synchronous  with  auricular  relaxation.  Following  this, the 
pressure  in  the  veins  rapidly  increases, reaches  the  second 
maximum  (n),  which is not so high as the first,  from which it is 
separated by a second small negative wave.  This second wave 
tl F. Pranck, Arch. de phys.,  189o , 5th set., ii, 395- Joseph  Erlanger  691 
(n) is probably not the result of instrumental error, because there 
may be seen on  the  cardiogram a  small but constant wave  (n) 
which is  synchronous with it.  The two positive venous waves 
cannot be seen immediately after ventricular relaxation, but they 
become more and more distinct as the venous pressure increases 
in the intervals between ventricular beats. 
So far as we are aware a  wave similar to the smaller positive 
wave  (n)  has  never been  described before.  Porter 12  does not 
refer to  such a  wave in his careful study of the intra-auricular 
pressure in the dog.  Nor is it mentioned by Gerhardt 13 in con- 
nection with his studies of venous pulsations in man. 
In the attempt to account for the occurrence of this  smaller 
wave three possibilities present themselves for consideration: 
(a)  It  is  a  filling  wave.  Following  the  relaxation  of  the 
auricle the blood continues to pour into this chamber and raises 
the pressure in it.  But upon this assumption it is impossible to 
account for the depression which precedes the wave produced by 
auricular systole. 
(b)  It is a  wave produced by contraction of the great veins. 
Under normal circumstances this  cannot  be observed, but it is 
possible that when the pressure  in  the great veins is  high the 
effect of this contraction becomes evident. 
(c)  It is produced by active relaxation of the musculature of 
the  ventricles.  It  has  been  observed by  several investigators 
that during ventricular diastble  the pressures in  the ventricles 
and auricles may vary in  opposite  directions.  In  explanation 
of this phenomenon, v.  Frey and Krehl 24  have offered the sug- 
gestion given above. 
Although no evidence has been obtained which favors one or 
the other of the above mentioned possibilities,  the fact remains 
that  auricular systole may be  preceded by  a  distinct  positive 
wave in the veins of the neck.  This fact should be borne in mind 
in  connection with  the  interpretation  of  venous  pulsations  in 
general. 
12 Porter, Jour. o] Phys.,  z892, xiii, 5x3. 
t~ Gerhardt, loc. cit. 
1~ v. Frey, and Krehl, Arch. ]~r Phys.,  I89o,  38. 692  The  Physiology  of tteart-Bloc]c  in  Mamraal~ 
DESCRIPTION  OF  TRACINGS  ILLUSTRATING  VARIOUS  STAGES  OF 
PARTIAL  HEART-BLOCK. 
It  has been stated  that  some time  after the  admission  of our 
patient  into  the  hospital  his  condition began to improve.  This 
improvement  was indicated,  among  other  ways, by a  change in 
the  condition  of  the  heart.  At  first  the  complete  heart-block 
rarely  gave  way  to  partial  heart-block  in  which  the  rate  of 
auricular contractions was to the rate of ventricular contractions 
as 4 : i, or as 3 : i.  Later, this degree of partial block became more 
or less constant,  so that it was difficult to make observations at 
times  when  the  block  was  complete.  Still  later,  the  rhythm 
was  usually  2:1;  and  just  before  the  condition  of  the  heart 
became  perfectly normal  there was a  stage during which a  ven- 
tricular contraction failed to follow an auricular contraction only 
occasionally. 
An example of a  4: i  rhythm is reproduced in Fig. 6.  In this 
curve it may be seen that there are four auricular contractions for 
one ventricular  contraction,  and  that  the  fourth auricular  con- 
traction  is immediately followed by the ventricular contraction. 
This  may  have been  a  coincidence;  but  positive  evidence  has 
been obtained that such was not the case.  This evidence will be 
given in connection with the special experiment during the course 
of which this tracing was obtained. 
Figs.  7 and 8  (1st part)  are examples of a  3 : 1 rhythm.  There 
are three auricular beats, the last of which is immediately followed 
by the ventricular beat.  Here again evidence has been obtained 
that this relation of ventricular to auricular contractions was not 
the  result  of  chance.  For,  in  the  experiment  of  which  Pig.  8 
forms a  part,  when by means  of  a  certain  procedure the  heart- 
rate was increased, there was a  proportional increase of auricular 
and ventricular  rates,  and the relation  of the ventricular  to the 
third  auricular  contraction  remained  unaltered.  Pig.  9  shows 
one cycle of a  4: i rhythm in the midst of cycles of a  3 : x rhythm. 
In  Pig.  io  is  reproduced an instance of a  2:i  rhythm.  And 
finally the normal sequence of the heart-beat is shown in Pig.  1 i. 
In  Table  I  are  given  the  rates  of  auricular  and  ventricular Joseph Erlanger  693 
contractions which  obtained  at  the  time the  tracings  used  for 
the illustrations mentioned above were made. 
TABLE  I. 
AURICULAR AND VENTRICULAR  RATES  IN  FIGURES  USED  TO  ILLUSTRAT]~  THE 
VARIOUS  STAGES  OF  HEART-BLOCK. 
Vent. Rate  Aur. Rate 
Fig.  per Min.  per Min. 
Fig.  i  complete  block. 
Fig.  6,  4:1 
Fig.  7,  3 : i 
Fig.  xo,  2:1 
Fig.  1 i, normal. 
27.7 
24.0 
24.8 
3o.5 
57.7 
IOI "5 
9  6 .0 
74.4 
61 .o 
57-7 
No systematic study has been made of the variations of the 
rate of the conduction of the  impulse from auricles to ventricles 
in the  different  stages  of  block.  But  in  all of  our tracings  it 
may be seen that the interval between the beginning of auricular 
systole  and  of  ventricular  systole--the  intersystolic  period--is 
longer  than  under  normal  conditions.  In  Pig.  8  a  tracing  is 
reproduced which shows the lengthening of this period associated 
with the  transition  from a partial  block with  a  3:1  rhythm, to 
complete block.15 
THE  EFFECT  OF  EXTRINSIC  INFLUENCES  0iV  THE  RATES  OF  THE 
AURICLES  AND  VENTRICLES  IN  COMPLETE  AND  PARTIAL 
HEART-BLOCK. 
Introduction.--It has been demonstrated that when our patient 
first  came  under  observation  he  was  suffering  from  complete 
heart-block.  As  in  complete  heart-block  the  auricles  and 
ventricles beat  independently of  one  another,  the  opportunity 
was afforded of studying, in man, the  independent  reactions of 
auricles  and  ventricles to  extrinsic  stimuli,--stimuli  carried  to 
the heart through the medium of its extrinsic nerves or through 
the medium of the blood.  Observations of this kind should have 
a peculiar value in that they may be made under conditions which 
Is Wenckebach  (Die Arhyshmie, etc.,  Leipzig,  19o3)first  called  attention  to 
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cannot be obtained in animal experimentation.  For example, it 
is impossible to produce complete heart-block in animals without 
opening the  thorax, and  the  studies can  be  made  only  in  an- 
msthetized animals.  And  furthermore,  at  the  time  this  work 
was  undertaken  no  satisfactory  means  of  producing complete 
heart-block  in  warm-blooded  animals  were  known.  It  could 
with certainty be produced only by  destroying completely the 
connection between auricles and ventricles. 
Many  observers  have  noted  that  in  cases  of  Stokes-Adams 
disease the arterial  pulse-rate is not materially affected by con- 
ditions which, under  normal circumstances,  cause  a  change  in 
the  pulse-rate. 16  The significance of tiffs  observation  was  not 
recognized because, in the first place, the investigators, as a rule, 
did not know that they were dealing with heart-block, and in the 
second place because they did not determine the rate of auricular 
contractions. 
We have studied the effect of many conditions upon the rates 
of  the  auricles  and  ventricles  in  complete  and  partial  block. 
The method employed was to record the cardiac impulse in the 
usual way immediately above a  chronograph marking fifths of 
seconds.  The rate of auricular and ventricular contractions was 
then determined by counting out the waves on the fixed records. 
The rates determined in this way are accurate to about the tenth 
of a  second. 
THE  EFFECT  OF  POSTURAL  CHANGES. 
It  was first  shown by  Mosso that  blood accumulates in the 
dependent portions  of  the  body  when  its  position is  changed 
from the recumbent to the erect,  t7 and it  has since been shown 
that  the circulatory changes which are  usually associated with 
this change in position may be obviated by compressing the lower 
portions of the body.  is  It is therefore probable that the increase 
in heart-rate  which always accompanies the  assumption of the 
,~ References to  some  of  these  observations will  be found in an article  by 
Jaquet, Deutsches Arch. fi~r klin. Med.,  i9o2, lxxii,  77. 
17 Mosso, Arch. ital. de biol.,  I884, v,  i3o. 
Is Erlanger and Hooker,  Johns Hopkins Hosp. Reports,  i9o4,  xii,  I45. Joseph Erlanger  695 
erect  posture,  is  caused  by  the  same  factor  that  induces  the 
increase in  heart-rate  during ha~morrhage.  It  has  been  shown 
that in all probability the heart-rate is increased by hmmorrhage 
through a  diminution in the tone of the vagus centre?  9  It may 
therefore  be  presumed that  alterations  of  the  heart-rate  with 
changes in posture are vagus effects. 
Complete Block.--The results obtained in a  few typical experi- 
ments on our subject testing the effect of posture are collected in 
Table II.  These results demonstrate that with the change from 
the recumbent to the  erect  posture the ventricular rate  is  not 
materially affected, whereas the auricular rate shows the accelera- 
tion which normally affects the whole heart. 
TABLE  II. 
EFFECT  OF  POSTURE. 
Date.  Posture. 
i, II, 'o5  Lying 
Standing 
i, ri, 'o5  Lying 
Standing 
xii, 22, '04  ]Lying 
Standing 
i 
Lying  xii, 22, '04  I]Standing 
xii, 22, 'o4  Lying 
Standing 
No. of Vs. 
I 
I5 
I5 
I6 
I7 
I 
I 
5 
3 
I 
I 
Duration 
in  ~  See. 
I79 
i8o 
I94 
205 
I3.7 
I3.4 
70 
4o 
II 
IO.  3 
V.  Rate 
per Min. 
24.96 
24 
24.7 
I  24.9 
2x.8 
22.4 
2I -4 
22. 5 
26. 7 
29.I 
No. of As. 
6I 
69 
64 
73 
I 
I  I 
I8 
I2 
I 
3:I 
I  3:i 
Duration 
in j  Sec. 
I79 
I9o 
I93 
208 
3.86 
3.2 
7o 
39 
A.  Rate 
102 .  2 
i  zo  9 
t  99.5 
Io5.3 
77-7 
93.2 
77.2 
92.3 
80. i 
87.3 
Partial Block.--The objection might be raised that at the time 
these experiments were performed the ventricular muscle, owing 
to  some pathological  state,  was  not  capable  of  responding to 
influences arriving in it.  This objection is met in the following 
experiment, and in many other experiments to be mentioned later. 
The first two experiments dated December 22 were performed, as 
the table indicates, on the same day, but there was a  considerable 
19 The literature on this  subject has been  collected by Fredericq,  Acad. roy. 
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interval of time between them.  Shortly after the second experi- 
ment  had been  completed another similar experiment was per- 
formed (the last  dated Dec. 2 2).  But to our great surprise it was 
found  that  the  complete  block  had  given  way  to  a  perfectly 
typical partial block with a  3 : i  rhythm.  This was the first evi- 
dence  obtained  of  an  improvement  in  the patient's  condition. 
Now,  as  may be  seen in the table,  when the erect posture was 
assumed the rate of the auricles was increased, not so markedly, 
however,  as  in  the  earlier  experiment,  and  this  increase  was 
associated with a  proportional increase in the rate of the ventri- 
cles.  This experiment proves at one and the same time that we 
have  to  do  here with  a  3:I  rhythm, and  that  the  ventricular 
muscle is capable of beating faster than it does when the block is 
complete.  It is only necessary that impulses arrive in it. 
THE  EFFECT  OF  MUSCULAR  EXERCISE. 
Hering  states 20 that  the acceleration of  the  heart-rate  which 
is associated  with  muscular  exertion  does  not  occur  in rabbits 
when  the  accelerators  are  cut.  It is therefore  evident  that  at 
least  some  of the  cardiac  acceleration  which  is associated  with 
muscular  exertion  results  from  the  action  of  the  accelerator 
nerves upon  the heart. 
We  have  tested  the  effect  on  the  rates  of the  auricles  and 
ventricles  of slight and  severe muscular  exercise.  Both  forms  of 
exercise were taken with the patient in the recumbent  posture. 
Moderate Exercise. 
The light exercise consisted of gentle flexion and extension of 
the legs at the knee-joints, and of clenching and unclenching the 
hands.  This form of exercise was chosen because it did not jar 
the  recording  apparatus  and  consequently  it  was  possible  to 
make tracings while the patient was exercising. 
Complete Block.--The  results obtained are given in Table  III. 
In this table  it  may be  seen that  light  exercise has practically 
no effect upon the rate of the ventricles but that  the auricular 
rate, as a  rule, shows the usual acceleration. 
20 Hering, Zent. f~r Phys.,  i894, viii,  75- TABLE  III. 
EFFECT  OF  MODERATE  EXERCISE. 
Date. 
ii,  4, 'o5  Before 
During 
After 
ii,  4, '05  Before 
During 
After 
ii,  4,'o5  Before 
During 
After 
ii,  4, 'o5  Before 
During 
After 
ii,  7, 'o5  Before 
Dur,!ng 
After 
ii,  7, %5  Before  .u ,!ng 
After 
ii,  7, 'o5  Before 
Dur,~g 
After 
ii,  7, 'o5  Before 
Dur~g 
After 
During 
After 
ii,  I, 'o  5  Before 
During 
After 
ii,  1, '05  Before 
During 
After 
ii,  x, 'o5  Before 
(Irregular) 
Dur't'ng 
After 
Duration  V. Rat 
No. of Vs.  in ~ Sec.  per Mir 
9 
12 
I2 
1I 
14 
10 
IO 
14 
10 
II 
13 
II 
II 
8 
7 
II 
II 
8 
8 
8 
I2 
7 
8 
9 
15 
9 
9 
4 
8 
9 
8 
9 
3 
6 
17 
14 
IO 
I5 
15 
6 
II 
9 
][2 
IIS.  5 
151.4 
163 
142.4 
I86.8 
128.6 
127.4 
184- 5 
126.6 
147.4 
I66.6 
145 
z34.2 
97-2 
85.3 
133-3 
133.2 
97 
97.2 
97.2 
146.4 
85 
97"7 
IIO 
182 
lO9.8 
lO8.8 
48 
97.6 
IIO.2 
97.6 
IIO 
37 
69.2 
I93 
I56.6 
xi7.6 
172.8 
168.2 
71 
124 
lOO.3 
136.6 
23.4 
23.8 
22.I 
23.2 
22. 5 
23 "3 
23.5 
22.8 
23.7 
22 .4 
23.4 
22.8 
24.6 
24.7 
24.6 
24.8 
24.8 
24-7 
24" 7 
24" 7 
24.6 
24.7 
24.6 
24.7 
24.7 
24.6 
24.8 
25 
24.6 
24- 5 
24.6 
24.6 
24.3 
26 
26.4 
26.8 
25.5 
26 
26.8 
25.3 
26.6 
26. 9 
26.4 
No. of As. 
31 
4o 
45 
38 
56 
39 
34 
50 
38 
39 
45 
42 
33 
25  (?) 
22 
36 
33 
23 
25 
25 
38 
20 
26 
27 
44 
25 
30 (?) 
II 
27 
26 
27 (?) 
3  I 
II 
3:1 
3:1 
3:1 
3:I 
3:1 
3:x 
3:1 
3:1 
3:I 
Duration 
in ~ See. 
II2.2 
I49.2 
155.8 
133 
I87.4 
I28. 5 
129.4 
I73.8 
126 
147 
164 
145.6 
I32.1 
99.6 
82.7 
134 
132.6 
9 ° 
95.4 
92.2 
145.2 
77.8 
97.7 
104 
176 
98-4 
io  9 
39.8 
99 
IOI 
IO 5 
III 
4 °  .  2 
A.  Rate 
per Min. 
82 "9 
80.4 
86.6 
85.7 
89.6 
9 I 
78.8 
86. 3 
9 °. 5 
79.6 
82. 3 
86. 5 
74.9 
75.3  (.v 
79.8 
8o. 6 
74.6 
76.7 
78.6 
81.4 
78.5 
77.x 
79.9 
77-9 
75 
76.2 
82.6 (?1 
82. 9 
81.8 
77.2 
77.2  (~] 
83.8 
82 
78 
79.~ 
80.¢ 
76.~ 
78 
80. ¢ 
76 
79.8 
80.7 
79.2 
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Partial Block.--During partial block the slight increase in the 
rate of the auricles produced by exercise is naturaIly associated 
with a proportional increase in the rate of the ventricles. 
Severe Exercise. 
The  severe exercise consisted of repeated vigorous elevation 
and depression of the arms.  Tracings could not be made while 
the exercise was being taken, but the record was  begun at  the 
moment the patient came to rest. 
Complete Block.--The results given in Table IV demonstrate  that 
vigorous muscular exercise increases the rate of the ventricles as 
well as that of the auricles.  The condensed table does not convey 
the proper conception of the degree of ventricular acceleration; 
for after the cessation of exercise, the ventricular rate rapidly 
returns to that which had previously existed.  This is illustrated 
in Table V, in which are given the details of one of the experi- 
~nents of Table IV. 
_Partial Block.--One experiment was performed while the block 
was partial, with a  2 : i  rhythm (Jan.  i2 ;  Table IV).  Examina- 
tion of the column in which is given the duration of the auricular 
beats will show that the auricular rate suffered the usual accelera- 
tion.  But in the column giving the duration of the ventricular 
cycles it  may be  seen that  exercise decreased the  ventricular 
rate.  It  may also  be  seen that  while  the  auricular rate  was 
decreasing subsequent to  the  exertion, a  place was reached at 
which the  ventricular  rate  increased  abruptly.  These  appar- 
ently anomalous changes in the ventricular rate were caused by 
changes in the completeness of the block.  Thus before taking 
the exercise the rhythm was 2 : x, immediately after it was  3 : i, 
and later it again became 2 : i. 
THE  t~FF]~CT  O1  ¢  INHALATIONS  01  ~  AMMONIA. 
It has been definitely determined that in the rabbit the inhala- 
tion of ammonia may slow the heart-rate through reflex action 
on the cardio-inhibitory centre.  21  Therefore several experiments 
were performed to  test the  effect of ammonia on the  rates  of 
2~ F.  Franck,  Travaux du laborato'ire de Marey,  x876 ,  ii,  22i. 3oseph Eflanger 
TABLE  IV. 
EFFECT  OF  SEVERE  EXERCISE. 
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Date. 
J,  2p  '0  5 
i,  2, 'o5 
i,  7,  'o5 
i,  7,  'o5 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
No. of Vs. 
9 
8 
II 
IO 
IO 
IO 
9 
I2 
Duration 
in t  See. 
xI  7 
95 
I33 
zz9 
][3][ 
I24 
][][4 
z33 
V.  Rate 
per Min. 
23.1 
25.3 
24.8 
2~,2 
22. 9 
24. 
23. 
No. of As. 
33 
30 
37 
37 
4 I 
42 
29 
40 
Duration 
in [  See. 
lIO 
82 
z27 
IIO 
z43 
][27 
][o2 
i23 
A. Rate 
per Min 
9o 
95 
87. 
ZOO • ' 
86 
99. 
85. 
97. 
Partial  Block 
J,  12,  '0  5  I Before 
Af,ter  21 17 CAV   zst  8.6 
6th  9.2 
][][th  9-4 
z6th  9.6  [ 
• 3 d  19.6+ 
~4th  16.5  3zst  7.2 
3 6th  7-4 
4 Ist  7.3 
46th  7.4 
5 oth  7.5 
2:][  3.8 
3:][  2.5 
3:1  3.06 
3:z  3.z3 
3:I  3.2 
3:][  3 .2 
2: "r  3.25 
2:z  3.6 
~:I  3,7 
2: ][  3.65 
2:z  3.7 
2:z  3.75 
TABLE  V. 
EFFECT  OF  SEVERE  EXERCISE  (.]'AN.  2,  I9O5). 
No. of Vs. 
BBFORB EXBRCZSg.  A~TBR EXERCISE. 
Duration in 
Sec. 
I3.6 
][3-4 
I3.4 
][3' 2 
][2.8 
I3 
I2.6 
I2.2 
12 
Duration of As. 
in }Sec. 
3.4--3.2 
3.4--3.2 
3.3--3.2 
3.4--3.2 
3.3 --3 .2 
3.4--3.2 
3.4--3.2 
3.5-- 
3.2-- 
No. of Vs. 
I 
2 
3 
4 
5 
6 
7 
8 
Duration in 
i  See. 
II "4 
II- 5 
ii .5 
II.6 
][2 
][2 
][2.2 
T2.2 
Duration of As. 
in t Sec. 
3--3 
3--3 
3--3 
3+ 
3+ 
3+ 
3 
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auricIes and ventricles of our patient.  The patient  was given a 
bottle  containing  a  dilute  solution  of  ammonia  from  which  to 
inhale.  He was asked to take as much as he could bear, but it is 
impossible to tell how well he performed  his part  of the experi- 
ment.  The  results  obtained  were  neither  striking  nor  concor- 
dant,  and no  conclusions can be drawn from them.  The results 
of  two  experiments  which  have  been  carefully  calculated  are 
given below  (Table VI). 
TABLE  VI. 
]~FFECT  OF  INHALING  AMMONIA. 
Date. 
i,  2,'o5  Before 
During 
i,  2, 'o  5  Before 
During 
After 
No. of Vs. 
Duration 
in ~  Sec. 
44.4 
57.4 
56.8 
57.2 
79 
V.  Rate 
per Min. 
27 
26.X 
26.4 
26.2 
26.6 
No. of As. I 
I5 
I9 
x9 
i8 
27 
Duration 
in t  Sec. 
46 
58.4 
58.2 
55.4 
80.6 
A.  Rate 
per  Min. 
97.8 
97.4 
97 "9 
97.5 
I00.6 
THE  EFFECT  OF  INHALATIONS  OF  OXYGEN. 
The  statement  is made  by Hoffmann  that in cases of Stokes- 
Adams  disease the pulse-rate may  be increased by inhalations of 
oxygen. 22  In the case of our patient inhalations of oxygen  have 
proved  to be absolutely  without  effect.  The  results of a  pro- 
longed experiment  are given below  (Table VII). 
TABLE  VII. 
EFFECT  OF  INHALING  OXYGEN. 
Before 
During 
~t 
After 
No.  of Vs.  Duration in  V. Rate per 
Sec.  Min. 
79.5  26.4 
57.6  26,i 
46  26. x 
82.2  25.5 
70  25-7 
69 . 2  26 
69.6  25.9 
79.6  26.4 
No. of As. 
25 
I8 
I5 
26 
22 
22 
22 
25 
Duration in  A. Rate per 
Sec.  Min. 
80.5  93.5 
57.5  94.4 
46.8  96.2 
82.6  94.5 
7o.6  93.6 
70-4  93.6 
68.4  96.4 
8z  92 .6 
22 Hoffmann, Zeit. ~ar klin. Med.,  x9oo, xli, 357. Joseph  Erlanger  701 
THE  EFFECT  OF  INSPIRATORY  AND  EXPIRATORY  TETANUS. 
Inspiratory  and  expiratory tetanus  seemed  to  increase  the 
rates of auricles and ventricles in complete block.  But the effect 
was not marked,  probably  because the experiments  could not be 
continued  long enough  to yield conclusive results. 
THE  EFFECT  OF  ASPHYXIA, 
It  is  stated  that  in  all  stages  of  asphyxia  the  heart-rate is 
slowed through increased activity of the cardio-inhibitory  centre3  s 
To test the effect of asphyxia we had the patient hold his breath 
as long as he could. 
Complete Block.--The results obtained in many experiments  are 
given below (Table VIII).  It may be seen that while the breath 
is being held the rates of the auricles and ventricles are, as a rule, 
not materially affected.  Perhaps toward the end of this period 
there is a  tendency for the auricular rate to increase and for the 
ventricular  rate  to  decrease.  During  the  period  of  dyspnoea 
which comes on after the breath can no longer be held, this effect 
becomes much more striking:  there is now a  decided increase in 
the rate of the auricles and a  definite decrease in the rate of the 
ventricles.  We  have  many  similar  experiments  but  those 
already given suffice to show that the slowing of the ventricular 
rate seen here is in all probability not a vagus effect.  For if the 
rate of the ventricles is slowed by the action of asphyxia on the 
eardio-inhibitory centre, then the rate of the auricles should be 
affected in the same direction.  The significance of the slowing 
of the rate of the ventricles by asphyxia will be discussed later, 
in connection with other more conclusive experiments. 
Partial Block.--When the block is partial, the ventricular rate 
varies directly as the auricular rate provided the degree of block 
does not change.  But frequently the  increase of the auricular 
rate is  associated with a  change from partial  block with a  3:1 
rhythm to  complete block.  The  ventricular rate  is  then  dis- 
tinctly,  sometimes  markedly,  slowed.  The  phenomenon  is 
similar to that which was seen to follow muscular exertion. 
23 Starling,  Schafer's  Text-book of Physiology,  i9oo ,  ii,  387 . Date. 
ii, 15, 'o5 
ii,  15, 'o5 
ii,  15,  '05 
ii,  I5, 'O 5 
ii,  9, 'o5 
ii,  9, 'o5 
Before 
D~,~ing 
'6 
After 
Before 
During 
After 
TABLE  VIII. 
]~FFECT  OF  HOLDING  BREATH. 
NO. ( 
V  ~ 
~.~  ~> 
59  25-4 
58A  25.6 
46A  25.7 
35.L  25.4 
36.,~  24.8 
49 A  24.1 
47.9  25.0 
70.3  25.6 
70.2  25.6 
35  25.7 
35  [25.7 
36.2  24.9 
35.8  25.1 
i 
i 
34.9[25.8 
No. of As.  ~ 
i6  59.4 
I 5  56.2 
12  46.1 
IO  39.0 
9  35.7 
I 5  50.3 
14  47.4 
19  7x.6 
I8  69. 5 
io  37.o 
35.0 
34.2 
II  37.I 
IO  34.5 
19  71.7 
5  56.0 
36.7 
?  34.3 
37.0 
35.8 
4  50.7 
5  50.2 
5  57.3 
8  69.8 
2  48.0 
"  46.4 
9  34.6 
36.5 
5  5I'5 
4  48.9 
5  57 
3  I 
3  i 
3  1 
3  I 
3  I 
3  I 
3  i 
3  i 
3  i 
3  I 
4  1  (?i  -- 
3  1 
3  I 
7O2 
80.8 
80.I 
78. I 
76.9 
75.7 
89.o 
88.5 
79.6 
77.6 
81 
]77 .2 
86.9 
79.5 
80.3 
82.6 
78.7 
8I.I 
83.8 
82.9 
89.6 
78.6 
Remarks. 
Preceded  by 
long  illegible 
interval. 
Preceded by an 
illegible inter- 
val. 
Preceded by an 
illegible inter- 
val. 
Preceded by an 
illegible inter- 
val. TABLE  VIII.--Continued. 
Date. 
oo  o  " 
No. of As. 
ii,  9, 'o5  Before  9  92.8  29.1  3:7 
During  4  42.5  28.2  3:  I 
3  32.0  28.I  3: z 
"  3  31.4  28.7  3: I 
"  I  14'5  20.7(?)  7 
After  4  39 .2  3 °.6  3:1  (?) 
3  40.4  22.  3  14 
"  4  $  °.8  23.6  I4 
"  4  41.o  29. 3  3: x  4~ 
4  40.7  29.5  3:1 
"  4  41.8  28. 7  3:1 
ii,  O, 'o5  Before  8  83  28.9  3:1 
During  4  43 .8  27.4  3: x 
3  32.6  27 .6  3: I 
3  3I'7  28.4  3:  I 
x  x4.3  2I.o  4 
After  4 
4 
4 
4 
ISt  I5.2  I9. 7 
2d  11.o  27.3 
3d  x3.8  21-7 
4tlq  I2  24.9 
xst  1o.8  -- 
2d  II 
3d  IO,8  -- 
4th  I 1 
5th  1I  -- 
6th  I 1 
7th  Ix 
8th  lO.8.  -- 
9th  xo.8.  ~  . 
10th  Io.8.  --  . 
Iit~  IO.6.  ~  • 
12t]  1o.6.  --  . 
13t~  lO.6.  --  . 
14t~  IO.6.  --  • 
15th  lO.6,  ~  • 
I6th  13.  5 .  --  , 
ITth  I3.  5.  --  . 
xii, 22,  'o4  D,~r,  ing 
6~ 
4, 
C* 
~C 
3.5 
3.5 
3.5 
3.5 
3.6 
3.6 
3.5 
3.5 
3-4 
3.5 
3.4 
3.4 
3.4 
3.4 
3.4 
3.3--3.3  ~  ' 
3.2 --3.2 
•  ~  ~.. 
¢~.~  ,~ 
.  ~  87. 3 
'  --  84.6 
'  ~  84.3 
.  ~  86.I 
22.8  92.I 
91.8(?) 
45.2  92.9 
45.2  92.9 
87. 9 
88.5 
86.1 
'  --  '86.7 
'  ~  '82.2 
,  ~  ,82.8 
,  ~  ,85.2 
13.2  90.9 
12.5  96 
12.5  96 
12.8  93.6 
13o  ~2.3 
Remarks. 
Followed by  fl 
legible  inter 
val: apparent. 
ly ventricular 
stoppage. 
Interval  of  al. 
ternating  3 : 
and  4: x 
rhythms. 
Followed by  il- 
legible  inter- 
val:  appar- 
ently  ventric- 
ular stoppage. 
3:I 
3:1 
3:I 
3:1 
3:x 
3:I 
3:I 
3:I 
__  .3:  I 
--  '3:I 
--  '3:I 
.3:i 
3:z 
3:I  As-Vs  in- 
terval  length- 
ening. 
3: i  As-Vs  in- 
terval  length- 
erring. 
Complete 
block. 
Complete 
block. 
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THE  EFFECT  OF  ATROPINE. 
Deh{o first  suggested the use of atropine for the purpose of 
determining the part played by the inhibitory apparatus in the 
causation  of the  slow  or  irregular  heart-beat.  This  method  of 
diagnosis  has  been  used  by  him  in a  case  of  Stokes-Adams 
disease, with  the result that the administration  of atropine  had 
no effect upon  the pulse-rate. 24  This observation,  together  with 
others  that  have  been  made  since,  indicates  that  in  cases  of 
Stokes-Adams  disease the vagi  do  not  act  upon  the ventricles. 
But no one has compared  the effect of atropine on the rate of the 
ventricles with its effect on the rate of the auricles in cases of this 
kind. 
We  have  performed  three  experiments,  two  to test the effect 
of atropine  while  the  heart-block  was  complete,  and  one while 
the  heart-block  was  partial.  The  experiments  were  performed 
as follows : Several determinations  of the rates of the auricles and 
ventricles  were  made  before  giving  the  atropine.  Then,  after 
giving one milligram  of atropine  subcutaneously,  estimations  of 
the  rates  were  made  every few  minutes  for several  hours,  and 
then at rather infrequent  intervals  for  even  a  longer  period  of 
time.  The  patient  remained  in bed  throughout  the  course  of 
the experiment. 
The Effect o~ Atropine in Complete Block.--The first experiment 
was performed at a  time when the subject was having frequent 
syncopal attacks  (Table  IX).  At the beginning of the experi- 
ment these recurred so frequently and irregularly that an accurate 
determination of  the  normal  ventricular  rate  was  impossible. 
We shall therefore simply refer to the fact that after a prelimi- 
nary  slowing,  following the injection of  atropine,  the  rate  of 
auricular contractions was  decidedly increased.  After the  ad- 
ministration of the atropine the rate of ventricular contractions 
also  increased, but the ventricles resumed the rate which they 
had had at the  opening of the  experiment before the auricular 
rate had begun to decrease. 
The second experiment was performed under more favorable 
24 Dehio,  St.  Petersburger reed. Woch.,  1892 ,  xvii,  i. Joseph  Erlanger  705 
circumstances.  The heart-rate was perfectly regular and it was 
therefore an easy  matter to  determine the  exact  action  of the 
atropine on the auricles and ventricles. 
TABLE  IX. 
EFFECT  OF  ATROPINE  (JANUARY  16,  1905). 
Minutes 
after In-  No. of 
Aection of  Vs. 
tropine. 
Before.  26 
2  12 
4  8 
5  9 
8  II 
II  I2 
I5  15 
20  14 
25  13 
3 °  12 
4o  z3 
50  13 
60  IO 
7  °  I4 
80  Io 
9  °  13 
IOO  13 
IIO  I0 
120  12 
15°  35 
Duration  V. Rate 
in {t Sec.  perMin. 
No. of  Duration  A.  Rate 
As.  in ]  Sec.  per Min.  Remarks. 
318  24. 5  Io8  318  xoI. 9 
138  26. I 
lO 5  22.9 
IOI  26.7 
117  28.2 
128  28.I 
I6o  27.8 
15I  27.8 
143  27.3 
133  27,1 
144  27.1 
147  26.5 
112  26.8 
161. 5  26 
116  25. 9 
I52. 5  25.6 
I53  25.5 
I15. 5  26 
139  25-9 
410  25.6 
50  148 
37  Io9 
34  lO5 
45  128 
47  132 
59  16o 
56  15I 
52  138 
49  131 
52  I37 
60  160 
42  Ii2 
61  162. 5 
44  I17 
57  154 
57  I55 
43  ii8 
57  152 
147  41o 
Io1.3 
zoi.8 
97.2 
Io5.5 
106.8 
11o.6 
110,2 
113 
112,2 
II3.9 
112. 5 
112. 5 
112.6 
I12.8 
III.I 
IIo. 3 
IO9.3 
II2.  5 
107.6 
i  mgr.  atropine 
subcut.;  slight 
attack. 
Inspection  of Table X  will show that the rate  of ventricular 
contractions was practically uninfluenced by the atropine, except- 
ing a very slight reduction of the ventricular rate throughout the 
course of the experiment.  The auricles responded to the atro- 
pine as the whole heart normally responds:  after a  preliminary 
slowing, the rate began to increase and reached a  maximum in 
about forty-four minutes.  The auricular rate was increased from 
67 to 95. z beats per minute.  It then decreased slowly and some- 
what irregularly.  The conclusion warranted by this experiment 
is perfectly evident: when the block is complete atropine has no 
effect upon the ventricular rate, but it has the usual accelerating 
effect upon the auricular rate. 706  The  Physiology of Heart-_Block in  Mammals 
TABLE  X. 
EFFECT  OF  ATROPINE  (FEBRUARY  I7~.  x9o5). 
Time. 
II:O0 
11:o 5 
II:lO 
II:II 
II:I31 
II:151 
xI:I71 
II:20 
1I:23 
1I:26 
xx:29 
11:3i 
II:34 
xx:37 
II:4o 
zx:45 
zx:5o 
H:55 
12:00 
12:o 5 
12  IO 
I2  15 
12  2O 
12  25 
12  30 
I2  35 
I2:40 
I2:4  5 
x2:5o 
x2:55 
I:O0 
1:o 5 
1:I0 
I:I  5 
1:20 
~:25 
1:3 o 
2:14} 
3:13/ 
3:58 I 
7:o5! 
No 
of 
Vs 
9' 
i'r 
13 
IO 
IX 
12 
I0 
II 
I0 
9 
II 
II 
10 
II 
II 
II 
I2 
II 
II 
II 
I0 
II 
II 
IO 
IO 
9 
II 
II 
9 
II 
I0 
9 
II 
IO 
IO 
II 
IO 
II 
II 
II 
~.4 
;.( 
;.4 
;.3 
;.3 
;.~ 
i.2 
i.I 
5  I  24.7 
25 
4  25.I 
24.6 
8  24.3 
5  24.2 
5  24 
8  24 
7  24"2 
3  24'2 
24.2 
24"2  I 
8  24.1  ) 
3  24"1  ) 
I  24. 3  " 
2  24.2 
1  24.  4 
3  24.1 
2  24.1 
24 
24.7 
25,2 
24.4 
No.  Duration I  A. Rate  of  in 1} Sec.  I  per Min.  As 
24 
29 
34 
27 
29 
29 
24 
33 
29 
,,8 
37 
37 
35 
40 
40 
41 
46 
42 
41 
40  ! 
38  ! 
41! 
40  , 
38  ' 
37 
34  1 
39  I 
39 
33 
38 
36 
35 
39 
36 
37 
32 
34 
1o8,{ 
129 
153.~ 
i 
I19.~  ! 
132  ! 
14o.~ 
118. 4 
I43"3  ] 
xi9.7 
106.1 
131 
128.~ 
118 
130.2 
131.6 
131.8 
144.3 
I33 
131 
I3o.8 
121.5 
136 
134.2 
126.z 
124.I 
II4.2 
135 
135.4 
II2.  5 
I35.9 
122. 3 
110 
136 
123.8 
124 
139.2 
125 
I35  I 
I3O.6 
135.8 
66.  3 
67  "4 
66.  5 
67.6 
65  "9 
61.  9 
60.8 
69 . I 
72.7 
79.2 
84.7 
86.2 
89 
92.2 
91.2 
93.3 
95.1 
94-'/ 
93.9 
91.7 
93.8 
90.4 
89 . 2 
9o.3 
89.4 
89.3 
86. 7 
86.4 
85.3 
9 °. 5 
85.9 
9o 
83.8 
87.z 
84.7 
84 
86. 4 
82.2 
73.5 
75.1 
Remarks. 
i  mgr.  atropine subcut. 
Throat dry. 
Lunch. 
Supper. 
The  Effect  o~ Atropine  in  Partial  Block.--The  effect  of  the 
administration of atropine while the block is partial is shown in 
Table XI.  In this table it may be seen that the effect upon the 
auricles  was  the  same  as  in  the  preceding  experiment.  After 
a  preliminary slowing, the auricular rate increases rather rapidly Joseph  Erlanger  707 
and  reaches a  maximum in  forty minutes.  The rate  was  in- 
creased from 8o to  io2. 3  beats per minute.  It then decreased 
slowly and irregularly. 
The  ventricular rate  varied irregularly, but  in  almost  every 
instance these irregularities find a  simple explanation.  At the 
beginning of the  experiment  the  rhythm was  3:i.  Therefore 
the frequency of the ventricular beats was just one third of that 
of the auricular beats.  And with the increase of the auricular 
rate there was  a  proportional increase of the  ventricular rate, 
because the ventricular rate is determined by the auricles.  At 
xo :io A.M. the ventricular rate suddenly decreased from 29. 3 to 
23.8 beats per minute.  It will be seen that at this moment the 
rhythm became 4:L  In the two determinations which followed 
the block became complete.  Here the variations of the ventric- 
ular rate bear no relation to the variations of the auricular rate. 
In the next two determinations the rhythm again became 4:x 
and consequently the ventricular rate follows the auricular rate. 
But  after this determination,  and practically until  x i : 4o A.M. 
the block was complete:  the ventricular rate was slow and its 
slight variations bore no relation to those of the auricles.  Then 
there was some fluctuation between a  3:I rhythm and complete 
block, but at i2 : 3  °  P.M. the rhythm became 3 : i, and remained so 
until ~:x5 P.M., when it became ~.:i.  This  change, as might be 
expected, was associated with a  marked increase in the rate of 
the ventricles. 
In this experiment it is again clear that the atropine has had 
no direct effect upon the ventricles.  In many places the ventric- 
ular rate has been increased but in each one  of these places it 
can be shown that the increase in rate has been effected indirectly 
through the influence of the auricles upon the ventricles. 
INFLUENCES  WHICH  AFFECT  THE  DEGREE  OF  PARTIAL  BLOCK. 
It  has  been shown that  the  degree of partial  block may be 
altered by exercise, by asphyxia,  and by atropine.  It  will be 
recalled that,  apparently, the block is increased only when the 
auricular rate  increases.  We  are  therefore inclined to  believe 
that  the  increase  in the  auricular  rate is the  important  factor TABLE  XI. 
EPFECT  OF  ATROPINE  (FEBRUARY  10,  i9o5). 
Remarks. 
I No 
of"  Duration  Time_~ Vs__lin I  See" 
9:4o  i2  i34.2 
9:45  6  67.6 
9  5 °  ix  122. 3 
9:521 
9:531  15  I56.6 
9:55  8  90.4 
9  57  13  146.2 
IO:O0 i II  I24.3 
lO:O3 ~ 13  138.2 
Io:o6  16  I64 
IO:IOi~  II3.2 
IO:I2  I  I55.8 
lO:14i  I3  I54-5 
io:161  ix  137. 3 
1o:181  14  168 
XO:2I  12  I43 
Io:2~  I  lO  ii6.6 
IO:28  15  I80 
IO:32 I  II  I32.6 
Io:361  12  144.2 
IO:4O  x 5  178.3 
lO:45~  IO  I2I 
lO:5O  14  I46.8 
1o:55i  14  156.2 
11:oo  12  135. 3 
II:O 5  II  I25. 3 
II:  IO  I2  124.2 
II:I5  15  163.8 
11:2o  13  152.2 
1I:25  I1  131 
11:3o  I3  147 
I1:35  12  142 
II:40  1I  132 
1I:45  I2  I31.8 
II:50  II  123.5 
I2:OO  12  135. 4 
I2:05  I4  I58.7 
12:I0  II  I23 
12:15  14  156.1 
12:2o  12  145.3 
x2:25  13  I46.2 
I2:3o  15  I66.3 
12:35  I2  132.8 
12:4o  12  129.2 
I2:45]  15  I62.8 
X2:5o  II  121.6 
I2:55  II  122.2 
I:OO  II  124 
2:15  15  147.5 
3:2o:  10  94.8 
6:05  12  144.6 
Duration 
in t  Sec. 
152.6 
155 
14I 
iI6 
179.6 
132 
144.6 
178.6 
122 
153.6 
I63.2 
129 
123.3 
157.7 
I43.2 
123 
I39.8 
I34 
I23.3 
115.5 
149-8 
I38.3 
c  I39 
Duration  I  A. Rate 
in t  Sec. tper Min.. 
7----- 
I  80.4 
I  79 .8  8t 
Throat  dry. 
All but last Vs. = 3 : i rhythm. 
I  mgr. atropine subcut. 
All but  1st 2 Vs. =3:  t. 
Asleep. 
Asleep. 
Asleep. 
1st ½ complete block:  then 
3:I. 
Pulse irregular. 
Asleep. 
Lunch. 
9I-I 
86.3 
8I. 3 
8i .3 
83.7 
82.8 
81. 3 
81 
79.8 
61 
63 . 2 
74.4  Supper. 
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here, just as we believe it to be the important factor in causing 
the syncopal attacks. 
The reduction in the conductivity at the auriculo-ventricular 
junction which is  seen in these experiments and which is asso- 
Mated with an increase in the auricular rate,  is  a  phenomenon 
that  is  frequently seen in  the  cold-blooded heart.  If,  for ex- 
ample,  the  rate  of  the  excised  heart  of  the  terrapin  be  very 
markedly increased by exposing it to an elevated temperature, 
a  2 : i  rhythm may develop3  s  In connection with an experiment 
of the same kind Gaskell states that "anything which diminishes 
the conductivity of any part  of the tissue will tend to  cause a 
block to  the  contraction wave at  that  part;  and the  question 
whether a  block will be manifested or not will depend upon the 
rate of the heart-beat in relation to the extent of the diminution 
in the conductivity in the damaged part." 26 
THE  SYNCOPAL  ATTACKS. 
During the course of these  investigations  we have had many 
opportunities of studying the behavior of the heart  during the 
syncopal attacks which form one of the characteristic  features 
of Stokes-Adams  disease.  The  subjective symptoms of these 
attacks were usually very mild;  in them the patient never 
actually  lost  consciousness,  although he undoubtedly would have 
fallen had he been up and about.  The patient called them 
"dizzy spells." 
The Behavior of the Heart during a Syncopal Attack is illustrated 
in  Figs.  12,  I3, and  I4.  There should be  no  difficulty in  dis- 
tinguishing  in  these  tracings  the  marks  of  the  auricular  and 
ventricular contractions.  Before the  onset  of the  attacks  the 
block was complete;  the auricles and ventricles had perfect and 
independent rhythms.  The main feature of the attacks is the 
marked slowing of the ventricular rate;  at the time of maximum 
slowing the interval between two ventricular beats may be more 
than ten seconds.  It  may be  seen that  during these intervals 
the auricles continue to beat with perfect regularity. 
*s GaskeU,  Schafer's Text-book o~ Physiology,  i9oo ,  ii,  172. 
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An exact analysis of the events of the attack illustrated in Fig. 
12 is given in Table XII.  In this it may be seen that the ventric- 
ular rate slows down a trifle before the longest  period of asystole 
occurs.  After this period the ventricular rate gradually increases 
until it becomes faster than before the onset of the attack.  The 
changes in the auricular rate are just the reverse of these.  Syn- 
chronously with the  slowing of the  ventricular rate there is  a 
slight but definite acceleration of the auricular rate.  During the 
attack  the  auricular rate  is  decidedly accelerated, but  as  the 
attack passes off the auricular rate decreases and when recovery 
has become complete the auricular rate is slower than before the 
onset of the attack. 
TABLE  XII. 
ANALYSIS  OF  SYNCOPAL  ATTACK  (JANUARY  7,  I905)- 
No. of Vs. 
7 
8 
9 
XO 
II 
I2 
I3 
I4 
I5 
i6 
~7 
Some time later. 
Duration 
of Vs. 
in ~ Sec. 
I4 (?) 
i2.6 
I3.4 
I4.o 
I4.2 
52.6 
26.2 
16.6  (?) 
12.4 
I1.4 
I1.6 
II .4 
ii 
Io.8 (?) 
II 
II 
II 
I2.4 
Duration of undeformed. As. in corresponding V. cycle in ~ Sec. 
3.6--3.4 
3.4 
3.5 --3.4 
3.4--3.3 
3.4--3.2 
3.4  (?)--3.2--3.2--3.  x--3. I--3--3--3  --3--3 - 
2.8--2.8--2.8--2.6--2.8--2.8  --2.8 --2.8 
2.8--2.6--2.6--2.6--2.8--2.8--2.8 
2.4--2. 5 --2.8--3.  4  (?) 
3--3 
3--3 
3.2--3.2 
3.2. 
3.6. 
4  (?) 
4.2 
4.2 
4.2 
3.6--3.6. 
Careful analysis  of the tracings obtained during the course of 
other  attacks  shows  that  exactly  the  same  events  occur in  all 
(see Table XIII). 
The  Cause  of  the  Slowing  of  the  Ventricular  Rate  which  is 
Associated with the Attacks of Syncope.--It has been stated that 
the  reduction  of  the  ventricular  rate  which  occurs  during  the Joseph Erlanger  711 
attacks  is  always  accompanied by an increase  of the auricular 
rate.  The  first  step  in  the  solution  of  this  problem,  there- 
fore,  is  to  determine  what  significance, if any, this association 
has. 
In the first place this association demonstrates that the ventri- 
cles are  not slowed by an increase in inhibition caused by the 
arrival  in the  heart  of impulses transmitted through the vagi. 
For if  this  were  the  case  the  auricular  rate  too would almost 
certainly be slowedY  This factor  having been excluded, three 
possible explanations suggest themselves. 
(a)  The increase of the auricular rate and the decrease of the 
ventricular rate are caused by one and the same thing, perhaps 
by a local irritation of some kind.  No suggestions can be offered 
in support of this idea. 
(b)  The  increase  of the  auricular  rate  is  in  itself  the  cause 
of the slowing of the ventricular rate.  It will be shown later, 
indeed, it  has already been stated,  that  anything which brings 
on an attack first increases the auricular rate.  It has also been 
shown that by increasing the auricular rate a  partial block may 
be made more complete.  But how can She beats of the auricles 
affect the ventricles when the auricular impulses presumably do 
not reach the ventricles ?  The only suggestion that we can offer 
in answer to this question is one which cannot be tested.  It is 
this:  When the block is complete the ventricles beat of their own 
accord.  In order that the contractions of the ventricles may be 
co-ordinated it is possibly essential that the impulses start at one 
point.  Upon the rhythm of this place the rate of the ventricles 
must  depend.  Now it  is  possible that  although the  auricular 
impulses do not cause the ventricles to contract, they may still 
have some effect upon the organ which regulates the ventricles. 
And an increase of the  auricular  rate  may so affect  this  organ 
as to disturb its rhythm. 
(c)  The  decrease  of the  ventricular  rate  is  the  cause  of the 
2~ Pawlow  (Arch. ~r  Phys.,  z887,  498)  has  shown  that  the  heart  reacts 
differently  to  stimulation  of  the  several  cardiac  nerves,  and  it  is  therefore 
possible that the vagus centre may exercise a  special control over each chamber 
of the heart.  That this is the case has not, however, been demonstrated. 712  The  Physiology  of Heart-Block  in  Mammals 
increased auricular rate.  At first sight this idea seems to be the 
most  plausible  one.  The  decrease of  the ventricular rate,  by 
diminishing the  blood  supply to  the  medullary centres,  might 
lower the tone of the inhibitory centre and so cause the accelera- 
tion  of  the  auricles.  But  there  is  a  serious  objection  to  the 
acceptance of this view.  The changes in rate are simultaneous; 
in the opinion of the author,  the time which intervenes is not 
sufficient to allow of the completion of a  reflex or of anmmia of 
the  centre.  Still,  it might  be  assumed  that  the  force  of  the 
ventricular contraction decreases before the rate of contractions 
is materially affected.  This can be tested.  For if it is the case, 
the onset of the attacks  should be preceded by a  fall of blood- 
pressure.  A  study  was  therefore  made  of  the  blood-pressure 
variations  associated  with the attacks. 
The Relation  between the Blood-Pressure  and the Slowing  of the 
Ventricles  in  S yncopal  A ttacks.--As  the  attacks  begin  without 
warning,  and  as they are  usually over within the time that  is 
required to make a  blood-pressure estimation by usual methods, 
great difficulty was experienced in obtaining satisfactory results. 
Many  blood-pressure  estimations  were  made  with  the  blood- 
pressure instrument devised by the author, using for this purpose 
the most rapid method, that of continuous escapement. 
Many attacks occurred while the estimations were being made, 
but nothing indicating a  constant change of the blood-pressure 
just  preceding  an  attack  could  be  discovered.  The  records, 
however,  show  clearly  the  fall  of  pressure  which is  naturally 
associated with the slowing of the ventricular rate.  Thus it may 
be seen in  Fig.  ~  5 that  whenever an attack occurred while the 
pressure on the arm exceeded the minimum intravascular pres- 
sure,  the  amplitude  of  the  oscillations  diminished;  and  con- 
versely, whenever an attack occurred while the pressure on the 
arm  was  less  than  the  minimum  intravascular  pressure,  the 
amplitude of the pulsations increased. 
The basis for this interpretation, and for the interpretation of 
what follows is intimately connected with the principle employed 
in  estimating  blood-pressures  with  the  author's  instrument. 
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arterial wall, and consequently of the recording mechanism of the 
instrument used, are obtained when the pressure on the artery 
is equal  to  the  minimum or  diastolic  intra-arterial  pressure.  2s 
Consequently if we put upon the artery a pressure which exceeds 
the intravascular pressure, and if we then allow the pressure on 
the  arm  to  fall  slowly,  the  amplitude  of  the  pulsations  will 
increase until the  extravascular pressure falls below the intra- 
arterial  pressure, .when the  amplitude  diminishes  more  or  less 
abruptly.  Conversely,  if  we  put  upon  the  artery  a  constant 
pressure which lies between the maximum and minimum arterial 
pressures, then any rise of the arterial pressure, by bringing the 
intravascular  minimum  closer  to  the  extravascular  pressure, 
would increase the amplitude of pulsations;  and any fall of the 
arterial pressure, by increasing the difference between the intra- 
and  extra-arterial pressures,  would  diminish the  amplitude  of 
pulsations. 
It may be seen in Fig.  i6 that there is a  very decided change 
in the amplitude of oscillations in the region which lies between 
the places marked xx9 and 85.  In this region a  change of pres- 
sure  equal  to  5 ram.  Hg.  produces  a  decided  change  in  the 
amplitude of the oscillations.  We therefore made a  continuous 
record with a constant pressure of ioo ram. Hg. on the arm (Fig. 
17).  While these tracings were being made the patient  had a 
few mild attacks.  It may be seen in the figure that slight oscil- 
lations of the pressure were constantly in progress;  but no con- 
stant relation can  be detected between these waves of pressure 
and the onset of ventricular asystole.  We may therefore state 
positively that the increase in the auricular rate, which is always 
synchronous with  the slowing  of  the  ventricular  rate,  is  not 
dependent upon blood-pressure changes caused by changes in the 
force of the ventricular beats which might precede the slowing of 
the ventricular rate. 
28 Howell  and  Brush,  Mass.  Med.  Society, June  i2,  i9oi.  The blood-pres- 
sure  tracings  of this  patient  show very conspicuously the  first  and  second 
maxima that  obtain  while  making  the  estimations  by the  method  of con- 
tinuous  escapement  (Erlanger,  Johns  Hopkins  Hosp. Reports, I9o4,  xii, 53). 
The first maximum is  here higher than  the second;  this is, however, not  the 
case when the method of intermittent escapement is used. 714  The  Physiology  of Heart-BlocIc in  Mammals 
The Relation between Asphyxia and Variations o~ the Ventricular 
Rate.--The  effect of asphyxia on the rates  of the  auricles and 
ventricles in heart-block has been described in another connection. 
There it  was  stated in  passing,  that  one  of the  late  effects of 
holding the breath is a  diminution in the rate of the ventricles. 
In that place, only those  experiments were presented in which 
the diminution in the rate of the ventricles was slight.  Here it 
will be  shown that  the resulting diminution of the rate  of the 
ventricles may be so marked as to give the picture seen in typical 
attacks. 
One of  the  tracings  (Fig.  i2;  see also Table XII) which was 
used to illustrate the events of a  typical attack was made while 
the  patient  was  holding  his  breath  just  after  having  taken 
moderate  muscular  exercise.  Two  other  tracings  have  been 
obtained of attacks brought on accidentally by the same com- 
bination of events.  We  did not  deem a  repetition of  such an 
experiment justifiable.  But  this  observation  has  been  almost 
certainly confirmed  by events  occurring in the  natural  course 
of the disease. 
At  one time the  patient  developed a  mild  form of  Cheyne- 
Stokes respiration.  At this time typical attacks,  with marked 
slowing of the rate of the ventricles, recurred with great regu- 
larity  (see Table XIII).  The  slowing  of  the  ventricular  rate 
usually began early in  the period of dyspncea, just at the time 
when, in other conditions, the heart-rate begins to increase.  The 
auricles  show this increase in rate, but,  as has always been the 
case,  the ventricular rate  slows when the auricular rate begins 
to increase. 
It  is  therefore not  possible  to  determine whether  it  is  the 
asphyxia, or the increase of the auricular rate, which causes the 
ventricular rate to diminish.  But we believe that it will event- 
ually be determined that the latter phenomenon is the causative 
factor. 29 
29 Holberton (Medico-ch~rurgical Trans. of the Roy. Soc.,  i84i , xxiv,  76) seems 
to have been the first and  only investigator to  have described this  association. 
In anaccount  of a typical instance of Stokes-Adams disease, he says:  ".  .  .  . 
when he was free from excitement  or casual disorder the  pulse was thirty-three, 
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The E]Tect o] Atropine on the Frequency o] the Attacks.--It  has 
been  stated  that  the  first  experiment performed to  test  the 
action  of  atropine was begun at  a  time when the patient was 
having mild  attacks  at  frequent,  although  irregular,  intervals. 
He had a  mild attack about one minute after the atropine was 
administered, and  during the succeeding minutes slight ventric- 
ular slowing  occurred  occasionally.  But after this had passed 
off,  the patient had no attacks until late in the evening, about 
six hours after the atropine had been given.  The attacks then 
returned and continued with undiminished frequency throughout 
the next day. 
The fact that  atropine increases the  rate  of the auricles but 
still does not cause slowing of the ventricular rate, might, at first 
sight,  appear to be inconsistent with the view that the attacks 
are caused by an increase of the auricular rate.  But analysis of 
the  attacks  shows  that  the  slowing of  the  ventricular rate  is 
usually associated with a rather sudden increase of the auricular 
rate.  The  increase  of  the  auricular  rate  which  is  caused  by 
atropine is very gradual, and, by removing the auricles from the 
influence of the  vagi,  at  least  one  of the  factors which  cause 
sudden variations in the rate of the auricles is annulled.  This 
fact  might  account  for  the  freedom  from  attacks  after  the 
administration of atropine. 
The  Time  Relation  between the  Subjective  Symptoms  and  the 
Cardiac Signs o[ an Attack.--In many experiments, while making 
tracings, we had the patient indicate by a movement of his hand 
the moment at which he felt certain that an attack was imminent. 
At this instant a  mark was made on the moving drum.  Each 
time it was found that  the ventricles had begun to  slow down 
several seconds before the patient was aware of the approach of 
an  attack  (see  Fig.  17).  This  observation  is  in  accord with 
the results of all other investigators who have studied this rela- 
tion with care.  s°  It  indicates that  the  attacks  of  syncope are 
this  was  followed by  a  corresponding slowness of the  pulse,  and  often by  a 
fainting fit ;  and a sudden rise of the pulse, or even a gradual increase above the 
point that might in his state be called his healthful standard, usually ir, dicated 
mischief and was folmd to be a  bad symptom." 
3o See Webster, Glasgow Hosp. Reports, 19oo , iii, 413. 716  The  Physiology  of Heart-Block  in  Mammals 
TABLE  XIII. 
ANALYSIS  OF  ATTACKS  DURING  CHEYNE-STOKES  RESPIRATION,* 
o~ 
o~ 
o  ~' 
I  II.8 
2  II 
3  lO.8 
4  lO.~ 
6  I0. 
lO.5 
7  lO.5- 
8  I0.4 
9  lO.6 
I0  10.4 
11  10.  5 
12  lO.8 
13  11 
14  ii,2 
15  11.6 
16  I3.8 
I7  32.2 
18  I8 
19  I7 
20  15.8  I 
21  16 
22  15.5 
23  14,5 
24  12 
25  11.5~ 
26  1I. 5 
2 7  II 
2s  (?) 
29  IX 
3 °  lO.8 
31  1o.8 
32  lO.8 
33  11 
34  11.2 
35  11 
36  11.6 
37  I1.6 
38  12-4 
39  I3 
4 °  12.2 
41  12 
42  II. 8 
43  11.6 
44  ii.8 
45  1I'5 
46  ii  + 
47  11-4 
Duration of  undeformed As. in corresponding V.  cycle in ~ See. 
2in5  S 
2  in  5.8 
2in6  ~3 
3.2 
3-5 
3.6 
3.6 
3.6 
(?) 
3"5 
3,3 
2  in  6.6  ~3.3 
2 in 6  (?)  =  3 
3in  9.2  =3.1  + 
2.8  +--2.8--3--2.8--2.8--2.8--2.8--2.8 
2  in  5.5  ~  2"75 
5  (?)  in  11.8  =  2.56 
2in5,5  =  2-75 
4  in  lO.6  =  2,6 
4in  i1  =  2.75 
3  in  8.5  =2.8 
zin6  =3 
2in6  ~3 
3  (?) 
(?) 
3-5 
3.6 
2 in  6-9  =3.4 
2in6.4  =3.2 
3.4 
2in  6.2  =3.1 
2 in  6.2  ~3.I 
(?) 
(?) 
2  in  6  (?)=  3 
2in  5.8  ~  2.9 
2in  5.6  =  2.8 
(?) 
2in6  =3 
3.2 
3.2 
3.2 
2 in  6.8  =3.4 
3.2 
48  1 x. 6  3 "-5- 
* No tracing was made  of the respirations, but the periods of dyspnoea are as a 
rule deafly  marked  by respiratory  waves on the eardiogram.  In many  places 
the respiratory  movements  were so violent as to make  the cardiogram  illegible. Joseph  Erlauger  717 
TABLE  XIII.----Conlinued. 
~8 
o~  "~ ~,  d 
=  . 
49 
50 
5z 
52 
53 
54 
55 
56 
59  I 
6o 
6i 
62 
68  I 
69 
7o 
7i 
72 
73 
74 
75 
76 
77 
78 
79 
8o 
8i 
82 
83 
84 
85 
86 
87 
88 
89 
9o 
9 I 
92 
93 
94 
95 
96 
97 
98  i 
d 
IT,6 
II,6 
x2.8 
I3.5 
52.8 
22 
I7 
I5.5 
I2 
II.  7 
II 
io.8 
IO. 4 
IO.~ 
(?) 
(?) 
io.6 
II 
II 
II.4 
~2.4  (?) 
z3.6 
I3-5 
I4.2 
x4.6 
r4 
I3 
I2 
II 
II.2 
Ir,4 
II,4 
II.2 
II 
11 .b 
rr.6 
12 
14 
34.6 
I7.6 
~6.4 
I5 
12. 5 
][2 
II 
IO.6 
io.6 
I0.6 
Duration of  undoformed As. in corresponding V. cycle in i Sec. 
3.4 
3.6 
2 in 6.8  =3-4 
2 in 6.6  =3.3 
3,2--3--3--3--3--3--3--2.8--3--3--3--3--2.8--2.8--  (?) -(?) 
(?)  (?) 
3in8  =  2. 7 
3in8  =2.7 
(?) 
3. 
21115. 5  ~2.  7 
2  irl  6.2  =3.I 
2in  6.6  =  3.3 
3.4 
3.6 
3.8 
3.6 
3-4 
3.5 
3.4 
3.5-- 
3.2 
2 in 6.2  =3.I 
3 
3  in 8.5  (?) =  2.8 
~in6  =3 
~in  3 
2in6  =3 
2in6  =3 
2 in 6.2  =3.i 
3.4 
3.4 
3.4 
3.6 
3.5 
3-4 
3.5 
2 in 6.8  =3.4 
3-.2 
3  .m 9.5  =3.2-- 
2 m  5.4  =  2.7 and 2 in 5.4  =  2-7  (?) 
(?.) 
2ms  =2.5  (?) 
3 
3 
2 in 6.4  ~3.2 
3.4  (?) 718  The  Physiology  of Heart-Blodc in  Mammals 
the  result  of  a  deficient  blood  supply  to  the  brain.  It  is,  of 
course, possible that the phenomenon is actually primary in the 
medullary  centres,  and  that  the  unconsciousness  comes on only 
after  a  central  irritation  has  slowed  the  rate  of  the  ventricles. 
So  far  as  we  are  aware  a  slowing  of  the  rate  of  the  ventricles 
caused by central  irritation  could  come through  the  inhibitory 
apparatus  only.  But irritation  of the  vagus  centre would slow 
the  auricles  as well as the ventricles.  As this  does not occur it 
may  be  stated  positively  that  the  cause  of  the  syncopal  attacks 
lies in the heart and not in the medullary centres. 
The  Relation  between  the  Frequency  and  the  Severity  o~  the 
Attacks  and  the  Degree  of  Completeness  of  the  BIock.--We  have 
obtained  no  exact  data  bearing  upon  this  relation.  However 
the following observations may be of interest, although it remains 
for future investigations to determine their value. 
During the first few weeks of our observation of this  case the 
heart-block  was  always  complete.  During  this  period  the 
patient  had but one attack of syncope while under  observation. 
For this  one we were directly responsible:  it came on while the 
patient  was holding his  breath after having  taken  rather  severe 
muscular exercise. 
Later in the course of these observations the block frequently 
became partial  with a  3:1  rhythm  or even,  occasionally,  with a 
2:1  rhythm.  On  the  first  day  upon  which  the  rhythm  occa- 
sionally became  2 : i, the ventricular  rate  while  the  rhythm was 
3 : i  was  39.2  beats per minute,  the fastest we had yet seen, and 
the  auricular  rate  was  78.3  per minute,  the  slowest we had  vet 
observed.  Still,  on  this  day  the  patient  had  attacks  more 
frequently than was usual.  He stated that the attacks began to 
appear at about 2 : oo A.x,. and had occurred frequently through- 
out the rest of the night.  During the morning hours he had the 
most severe attack that occurred during his stay in the hospital. 
At about 2 :oo P.M. the patient went to bed.  At this time it was 
found  that  the  block had  become complete,  with a  ventrieular 
rate  of 31  per minute  and an auricular  rate  of 84.6 per minute. 
The patient then remained in bed for several days.  During this 
time the block was always complete.  The attacks recurred with Joseph  Erlanger  719 
increasing  frequency  so  that  finally  they  occurred  every few 
minutes.  The  patient's  condition  then  gradually  improved, 
although the block remained complete. 
The only conclusion warranted by these observations is  that 
the  increased severity and  frequency of  the  attacks  which oc- 
curred while the  block  was  partial,  was  possibly  the  result  of 
some  condition which tended to  produce complete block.  The 
condition of partial block was probably not in itself responsible 
for the attacks. 31 
The  Relation  between the Blood-pressure  and  the  Frequency  of 
the Attacks.--It has been shown that the attacks are not ushered 
in  by  any  perceptible  change  in  the  blood-pressure.  But  it 
might be considered possible that although the individual attacks 
are  not  caused  by  changes  in  the  blood-pressure,  the  general 
level of the blood-pressure might have something to do with the 
frequency of the attaeks. 
TABLE  XIV. 
BLOOD-PRESSURE  ESTIMATIONS  MADE  WHEN  SYNCOPAL  ATTACKS  WERE  INFRE- 
QUENT.  BLOCK  COMPLETE. 
120  60  II  5  62  II  5  62  II  7  57  I20 
Iz5-  62  (?)  62  ! II5+  65  *I5 (?)  58  122  62 
If5  I 60  (?)  62  zz  7  60+  125  58  (?)  62 
Iz  7  [ 60  zi6  60  If7  62  ,  125  60  z2o  60 
ZI2  I 65--  zzS  60  zZ  7  Z25  58  z2o  64 
zz 5  6o--  z2o  60  zz8  I=2  62 --  (?)  60 + 
IZ  5  [  60  zz 7  6~  z2o--  62  (?)  58  I2O  60 
II 5  ~ 58  II  7  60  IX  5  60  II8  64 
II5  1 60  II  7  64 --  II  7  58 +  I22  60  II8  6I 
The long list of blood-pressure estimations given in Table XIV 
contains  the  results  which  were  obtained  on  a  day  when  the 
attacks  were rather infrequent.  They were so infrequent that 
none  occurred  while  making  blood-pressure  estimations  every 
five  minutes  during many hours.  Two  days  later  the  patient 
was  having attacks  every few minutes.  On  this  day  frequent 
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estimations  of  the  blood-pressures  were  again  made  but  the 
attacks recurred so rapidly that at least one occurred in almost 
every  blood-pressure  estimation  (see  Pig.  i5).  This  made 
accurate estimations of the blood-pressure exceedingly difficult. 
This difficulty was in part overcome in the following way.  The 
writing point  of an  electromagnetic chronograph was  arranged 
so  as  to  write immediately beneath the  lever of the  sphygmo- 
manometer.  A key, placed in the circuit of the chronograph, was 
closed with the hand each time the mercury column in  failing 
passed a  5 mm. mark.  In this way a  record was made of the 
pressure  at  which  practically  each  of  the  pulsations  was  ob- 
tained.  But  even with the aid of this device, judgment of  the 
pressures was  difficult.  The  difficultie.~  are  ~lhmtrated  in  the 
table  (No.  XV).  Comparison  of  the  results  included  in  this 
table with those given in the preceding table seems to indicate 
that the blood-pressure was perhaps a  trifle higher on the day 
when the attacks were frequent.  The difference is however so 
slight  that  no  positive  conclusion is  warranted.  Indeed,  it  is 
possible  that  the  higher  blood-pressure  seen  here  might  have 
been the result of an insufficient action of the heart  (asphyxia), 
rather than the cause of the greater frequency of the attacks. 
BLOOD-PRESSURE  VARIATIONS  DURING THE  COURSE  OF  THE 
DISEASE. 
In this section will be given only the average results of blood- 
pressure estimations which were made while the heart-block was 
complete and after complete recovery.  Por, if a change of blood- 
pressure is associated with each change in rhythm, this  should 
be  most  clearly  illustrated  in  such  a  comparison.  Prom  the 
results  of  such a  comparison the  blood-pressures during inter- 
mediate stages  may be  inferred.  The  only  objection  to  this 
method consists in the long interval of time which must neces- 
sarily  intervene  between  the  two  sets  of  observations.  This 
objection has,  in part,  been met by comparing a  large number 
of observations. 
In this way it has been determined that with the change from 
complete block to  the  normal state,  the maximum blood-pres- Joseph  Erlanger  721 
sure  probably  falls  slightly--from  118  to  ~;  whereas  the 
minimum blood-pressure rises  somewhat more--from 6~  to  74. 
The pulse-pressure therefore decreases from 57 to 37. 
TABLE  XV. 
BLOOD-PRESSURE  ESTIMATIONS  MADE  WHEN  SYNCOPAL  ATTACKS  WERB  FREQUENT. 
BLOCK  COMPLETE.  NOS.  1--22  WERE  MADE  BEFORE  ADMINISTRATION 
OF  ATROPINE;  23--29 ON  DAY  AFTER 
~.o 
r~  4 
I 
2 
3 
4 
5 
6 
7 
8 
9 
I0 
Max. 
Pres.  Remarks. 
.~0--I : 
[O--I : 
c5-I: 
12o 
~O--I : 
)5-1 
i,~ 5' 
lO5 
20--I 
t15~ 
I2  120 
13  lO 5  V. slowing  . 
~[4  I20  No V. slowing 
I5  [120--125[  Preceded by V. slowing 
16  ~i  i~o  /No V. slowing,, 
I7  i  120  "  " 
18  IOS--I  IoiV. slowing 
19  liO-Ii 5 Preceded by V. slowing 
2o  1II5-I2c Followed.by V. slowing 
2I  125-I3C Just preceded by,,  V.,, slowin,, 
22  II5--I2C 
23  II2  Slight V,,.  slowing 
~4  II~  "  ' 
i~2  No V. slowing  25 
26  125  "  "  ' 
2 7  120  Preceded by V. slowing 
28  I20  No V,,. slowing 
29  119  "  ,, 
No V. slowing 
Slight V. slowing 
v. slowing 
V. slowing 
No V. slowing 
V. slowing 
No V. slowing 
]Preceded by V. slowing 
Min. 
Pres, 
? 
65-  7  , 
5 56"-56' 
60-6  6 -j 
5o-65  ? 
50-6 5  } 
606-56 
656¢0  F 
6! 
7 °- 
65657  o 
70 (?) 
65-70 + 
65-7 ° 
Remarks. 
V. slowing 
Slight V. slowing 
V. slowing 
No V,,. slowing 
(?) 
No V,,. slowing 
Slight V. slowing 
No V. slowing 
V. slowing 
Preceded by V. slowing 
No V. slowing 
I  Preceded by V. slowing 
'~ No V. slowing 
{ 
60 +  [No V. slowing 
•  V,,. slowing, 
62  [No  V. slowing 
63  / 
It  is  a  well  established fact that  the  mean blood-pressure is 
much closer to the minimum pressure and follows its variations 
much more closely than those of the maximum pressure.  The 
conclusion is therefore warranted that the blood-pressure is some- 
what higher when the heart is normal than when complete heart- 
block exists. 722  The  Physiology  of Heart-Block  in  Mammals 
This result affords the opportunity of emphasizing the futility 
of drawing conclusions as to blood-pressure vai~iations  from the 
knowledge of the maximum pressure alone in conditions in which 
he  blood-pressure  variations  are  not  marked  and  in  which 
variations of the heart-rate or of the force of the heart-beat are 
involved.  Had only maximum blood-pressure estimations been 
made in  the  study of this case, we would  have arrived at  the 
illogical  and  erroneous  conclusion  that  the  blood-pressure  is 
lower when the heart is beating with its normal rate than when 
the  ventricle  beats  but  twenty-four times  per  minute.  As  a 
matter of fact this was the conclusion to which the ward records 
of the maximum pressure had led. 
THE  RELATION  BETWEEN  HEART-RATE  AND  RESPIRATORY  RATE. 
While the heart-block was complete all tracings in which the 
respirations and apex-beat were recorded simultaneously show a 
remarkable tendency to a  synchronism between respiratory and 
ventricular rhythms.  When the  block  is  complete inspiration 
as a rule begins with the beginning of ventricular relaxation and 
lasts somewhat less than  one  half of one  cardiac cycle (see Fig. 
18). 
When  the rhythm  is 3 :  i there is, as a rule, one respiratory  cycle 
for two  ventricular  cycles.  Here  the  beginning  of inspiration 
usually  coincides  with  about  the  middle  point  of a  ventricular 
cycle.  When,  for any reason, the respiratory  rate is momentarily 
disturbed,  it usually  soon falls into cadence  with the ventricular 
rhythm.  This  synchronism  has  been  mentioned  merely  on  ac- 
count  of the interest which  attaches  to it;  no attempt  has been 
made  to determine  its cause. 
SECOND  CASE  OF  STOKES-ADAMS  DISEASE. 
The following is the history of another case of Stokes-Adams 
disease which has come under the author's observation. 
R.  H.  S.,  colored,  aged thirty-eight,  was  admitted  into the out-patient  de- 
partment  of the Johns  Hopkins  Hospital  on  November  i2,  i9o~,  complaining 
of "misery in the p~t of the stomach and dizziness."  The patient was not seen 
again until April 8,  i9o ~, when he was readmitted,  complaining of shortness of Joseph  Erlanger  723 
breath,  vertigo,  and  pain  in  the  back.  There  are  many  discrepancies  in  the 
histories obtained at each of his admissions, but the essential facts are probably 
these : 
His family history is negative.  In  his personal history it  is perfectly clear 
that he had gonorrheea and syphilis.  The latter was acquired about two years 
before  the  patient's  first  admission.  He  took  anti-syphilitic  treatment  for 
about four weeks. 
Five  weeks  before  his  first  admission  the  patient  was  taken  with  dizziness 
and shortness of breath.  "Things swim before him so much at times that he 
falls, but he has never lost consciousness."  The pulse at this time was thirty- 
four  to  the  minute.  The  heart  sounds  were  clear.  The  patient  informs  me 
that seven months elapsed after first coming under observation before definite 
syncopal attacks made their appearance. 
At the time  of his second  admission the  patient  stated  that  he was  having 
attacks of vertigo at the rate of about four per week.  The pulse-rate was then 
thirty-two per minute.  Soft murmurs were associated with each of the heart- 
sounds.  The auricular pulsations were nowhere audible,  but it was possible to 
determine  the  auricular  and  ventricular rates  by  counting the  waves  in  the 
veins of the neck. 
But  one  opportunity  was  afforded  the  author  of  making  tracings  of  the 
movements  of the  heart.  The  cardiogram  obtained  shows  all  of the  features 
seen  in  the  first  case while the  heart-block was  complete.  The  rates  of the 
auricles  and  ventricles  determined  by  measurement  of  the  tracing  are  31.7 
and 89. 3  per minute,  respectively. 
SUMMARY  OF  PART  I. 
The investigation of  a  typical case  of  Stokes-Adams disease 
has  shown  that  the  symptoms  of  this  case  undoubtedly  are 
caused by some lesion in the heart which gives rise to the condi- 
tion now generally termed heart-block.  Practically all degrees 
of  heart-block  have  been  observed,  namely:  complete  heart- 
block,  and  partial  block with 4 : i,  3 : i,  and  2 : I  rhythms, and 
occasional  ventricular  silences.  These  stages  occurred  during 
recovery, probably under the  influence of  anti-syphilitic treat- 
ment, recommended by Dr. Osler. 
Experiments  testing  the  reaction  of the  heart  to  various 
extrinsic  influences demonstrate that  when  the  block  is  com- 
plete the ventricles do not respond to influences presumably of 
vagus origin, although the auricles still respond normally to such 
influences;  that  effects  exerted  upon  the  heart  presumably 
through the accelerators still influence the rate of the ventricles 
as well as that of the auricles. 724  The  Physiology  of [~eart-Block in  Mammals 
When the  block is partial the  rate  of the ventricular  contrac- 
tions  varies  proportionally  with  the  rate  of  the  auricular  con- 
tractions, but only within certain limits.  When these limits are 
exceeded  the  block becomes more  complete,  i. e.  a  2 : i  rhythm 
may be changed into  a  3 : i  rhythm, this into a  4 : i  rhythm, and 
this into complete block, and vice versa. 
The syncopal attacks are, in all probability, directly dependent 
upon a  marked  reduction  of the  ventricular  rate.  Such reduc- 
tions  of the  ventrieular  rate  are  always  associated  with  an  in- 
crease of the auricular rate, and it is believed that the latter is the 
cause of the former. 
The  mean  blood-pressure  is  higher  when  the  heart-beat  is 
normal than when complete block exists. 
EXPLANATION OF  PLATES XXXII-XXXV. 
Pig.  i.--Cardiogram  (uppermost),  jugular  sphygmogram  (middle)  and, 
brachial sphygmogram (lowermost)  during complete heart-block.  Time ~  see. 
Fig.  2.--Same as Fig.  I. 
Fig. 3.1Pantogram of Fig.  i.  For descriptions  of reconstructions, see p. 685. 
Fig.  4.--Brachial sphygmogram during complete heart-block. 
Fig.  5.--Braehial sphygmogram made while the pressure  on the artery was 
falling  from a point above the systolic  pressure  to a point below the diastolic 
pressure. 
Fig.  6.--Cardiogram during 4 :i rhythm. 
Fig. 7.---Cardiogram  during 3 :I rhythm. 
Fig.  8.--Cardiogram during 3 :i rhythm showing at the end a gradual length- 
ening of the intersystolic period associated  with the development of complete 
block. 
Fig.  9.--Cardiogram showing one 4:~ cycle in the midst of 3 :I cycles. 
Fig.  ie.--Cardiogram during 2 :i rhythm. 
Fig.  I i.--Cardiogram during normal sequence. 
Figs,  i2,  I3, and i4.--Cardiograms during syncopal attacks. 
Fig. ~  5.--Tracings made while determining the blood-pressure  by the method 
of continuous escapement,  showing the effect of syncopal attacks on the blood- 
pressure.  The marks on the base line indicate decrements of 5 mm. Hg. 
Fig.  16.--Tracing made while determining the blood-pressure  by the method 
of continuous escapement. 
Fig.  x  7.--Tracing made with the sphygmomanometer with a constant pres- 
sure on the arm to determine whether  or not the attacks are ushered in by a 
change  in  the  blood-pressure.  The  crosses  were  made at the moment the 
patient noted the first symptoms of the attacks. 
Fig.  i8.--Traeings  of  the  respiratory  movements  and  apex-beat  (lower) 
during complete block. ~
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